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The Scope of 


Linde Service goes beyond the mere supplying of its prod- 


ucts. It includes a carefully 


Linde Service 


planned method of bringing 


engineering advice and assistance into close touch in the 
field with the individual user’s problems and needs. 


Linde thus offers its customers 
the fruits of practical experience 
gained by its Service Engineers 
through their intimate contact 
with the use and development of 
the Oxy-Acetylene proccss. 

Through 18 District Sales 
Offices Linde places its Service 


within convenient reach of every 
Linde user. 

The growing chain of Linde 
Distributing Stations and District 
Sales offices is the logical develop- 
ment of Linde’s desire to give its 
patrons every facility and service 
in the use of Linde products. 
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Large Machine Tools: Design and Construction 


George H. Benzon, Jr., outlines in this issue the 
general character of the work of design and construc- 
tion of large machine tools. This paper was one of 
a group of papers on machine tools presented at a 
recent joint meeting of the Philadelphia Local Section 
and Machine-Shop Division of the A.\S.M.E. the Engi- 
Club of Philadelphia and the Philadelphia 
Section of the A.L.E.E. 

Mr. Benzon has been associated with Wm. Sellers 
& Co., Inc., Philadelphia, since 1898 when he served 
his drafting-room apprenticeship with that concern. 
In 1904 he was put in charge of planer design and 
construction, and four years later became chief drafts- 
Since 1919 he has held the position of engineer. 


neers’ 


man. 


Efficiency of Scotch Marine Boiler 


In his paper dealing with this subject, C. J. Jefferson 
shows what has been effected by careful operation and 
provides a definite target of boiler efficiency at which 
marine engineers may aim with profit. Mr. Jefferson 
is a 1910 graduate of Cornell University. For seven 
vears he was associated with the American Ice Co. as 
testing and mechanical engineer. During the War he 
served as a lieutenant in the U. 8. Navy. Upon his 
discharge he took charge of the Boiler Unit, Technical 
Section of the U. 8. Shipping Board. At present Mr. 
Jefferson is head of the Fuel Conservation Section 
of the U.S. Shipping Board. 


Effect of Pulsations on Flow of Gases 


This paper, by Prof. Horace Judd and D, B. Pheley, 
discusses work undertaken under the joint direction 
of the engineering Experiment Station of Ohio State 
University and the A.S.M.E. Research Sub-Committee 
on Fluid Meters. Professor Judd was graduated from 
Ohio State University in 1897 with the degree of M.E. 
and then served for two years as an instructor in the 
mechanical engineering laboratory, receiving his M.S. 
at the end of that period. For three years he held a 
similar position in Pratt Institute, Brooklyn, and then 
returned to Ohio State University to serve as assistant 
professor of experimental engineering until 1910 and 
as associate professor until 1920, when he was ap- 
pointed professor of hydraulic engineering. 

Mr. Pheley is at present junior engineer in the U. 8. 
Coast and Geodetic Survey 
Ohio State University in 1921 as a civil engineer and 
during that summer served as assistant 
Judd in the study of and experimental work in the 
problem of pulsating flow. 


He was graduated from 


to Pre fess r 


Engineering Aspects of the Design of Musical 
Instruments 


The specific problems presented in the manufacture 
of pianofortes are considered by William Braid White, 
who shows that vast improvements would be achieved 
if the principles of mechanical engineering were more 
generally adopted as the foundation of such manu- 
facture. Mr. White, an Englishman by birth, was 
educated at St. Paul’s School and King’s College, 
London. He came to the United States in 1896 and 
became interested in piano making. Since 1904 he 
has been technical editor of the Music Trade Review, 


New York; 
Mach ine 


he is also associate editor of the Talking 


World, New York. 


Airship for Long-Haul Heavy-Traffic Service 


The factors upon which the value of an airship as 
carrier depends form the subject of this paper. Ralph 
H. Upson, the author, is chief engineer of the Aireraft 
Development Corporation of Detroit. 
ated Institute of Technology in 191¢ 


from Stevens 


with the degree of M.E. and entered the aeronautic 
department of the Goodyear Tire and Rubber Co., 


Akron, Ohio. He designed and built his 


plete balloon in 1912, and in 1913 won the national 
and international balloon races. The Wingfoot Lake 
Flying School was started by Mr. Upson in 1917 
He won national balloon races in 1919 and 1921, 


served on the Navy Department Commission In 
Europe, 1918-1919, and studied European methods 
in 1920. From 1915 to 1920 he was chief engineer of 


the Goodyear aeronautical department 


Hydraulic-Transmission Variable-Speed Drive 


The that 
“hydraulic transmission” variable-speed driv 


has been made In 


progress 


to ma 


chine tools and ordinary manufacturing processes is 
Ferris 


reported in this issue by Walter Ferris. Mr 
was graduated from Lehigh University as a mechanica 
engineer, Class of ’95. 
the Pencoyd Iron Works in the master mechanic 
office, and by the Laflin & Rand Powder Co. in charge 
of the design and erection of powder mills. From 


to 1921 he served the Bucyrus Co., South Milwaukee, 


Wis., as draftsman, chief engineer and 
engineer, consecutively. The Oilgear Co., 
Mr. Ferris is vice-president, 


was organized in 


Safety Engineering in Compression of Gases 


This paper outlines a few of the chief hazards that 
are associated with the compression of some of the 


Its author, A }? 


gases In common use in industry. 
Risteen, was graduated from Worcester Polytech 
Institute in ISS5 with the degree of B.S. He 
his Ph.D. from Yale in 1903. 


receiver 


For twenty-three year 


he was associated with the Hartford Steam Boiler 
Inspection & Insurance Co. For the last ten year 
he has been in the engineering division of the Travelers 
Insurance Co., and is now director of technical r 
search and safety publication work for tl conce! 


and the Travelers Indemnity Co 


Ile was gradu- 


first com- 


applying 


Until 1900 he Was emploved by 


102 


consulting 
of which 


1920 
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Design and Construction of Large Machine Tools 


Limitations Imposed on Design by Materials and Available Shop Equipment—Problems Involved in 
the Design and Construction of Large Boring Mills and Planers 


By GEO. H. BENZON, JR.,1 PHILADELPHIA, PA 




















Fic. 1 Larce Borinc anp Turninc Miu 
Swing between upright 35 ft.: clearance between work table and underside of tool head ‘ total weight, 429.2 
Note small mill set on work table of lar mill N tw t t ht L100 in 


[ \S BEEN difficult in preparing this paper to sort out from — which are used for metal working other than finishing. While these 


ass of every-day facts those points which might be of in- | may be, and are, often considered to be in this class, there is no sharp 
tina reneral discussion such as seems to be indicated by line between them and the machines used for metal working which 
selected. The subject as generally understood is a very are grouped under other machine divisions. The first-mentioned 


In fact, it covers two somewhat different types of class, however, will be the one made the subject of this discussion 
on monly classed under the general title. There are The shops building hvdroelectrie machinery, marine engines, 
vhich are used for accurate cutting and finishing; these blowing engines, and rolling-mill machinery have been the main 

stinetly in the machine-tool class. There are also those sources of demand for large machine tools Ordnance and battle- 
— ship development during the late war created demands that bade 


2 r, Wm. Sellers & Co., Inc. Mem. Am.Soc.M.E. fair to swamp the large machine-tool builders, but these subsided 
, » . ‘ } 
S. ¢ ! at a joint meeting of the Philadelphia Local Section and the and dropped out entirely after the cessation of hostilities. Large 
“a Shop Division of ’ 7 Oo F ‘ ) I- : 
ia iop Division of Tue AMERICAN Society OF MECHANICAL ENG marine Diesel engines, if commercially developed in this country, 


Engineers’ Club of Philadelphia, and the Philadelphia Section ; 
rican Institute of Electrical Engineers, Philadelphia, February will probably widen further the market for large machine tools. 


“i, 19° It is obvious and natural that the demand for large tools di- 
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as when under test. 

The quality of machine tools for finishing is dé 
pendent on ‘sound design backed up by 
foundry and machine work; and all of these facto 
must rest on the foundation of experience 
the individual but that in th 
records of an establishment Phe grade of mechani 
required in building these big tools is much hig] 
than the average, the valuable men being those wl 
have had 


class of 


not 
lies 


that of which 


a number otf 
work. Detailed planning and instructi 
van rarely be applied in such work, and therefore 
individual experience of the men, as well as of t 
foremen, has an appreciable effect on the charact 
of work produced. 

In the drafting room, as has been noted, th 
must be a thorough knowledge of shop conditio 
shipping conditions, and of the difficulties « 
countered in previous experience in building the 
machines. In the pattern shop and foundry the 


years of experience in tl 








MACHINE 


16 ft. 2 in 
; overall length of bed, 65 ft. 8 in 


Fie. 2 LarGe PLANING 


Length of table, 38 ft. 6 in 


clearance between housings, 
underside of crossrail, 13 ft 


4 in 
minishes as the sizes of the tools increase. Developments of large 
mechanical and electrical projects of continually increasing size 
must include consideration of the means of production, and involve 
in many cases installations of large machine tools to accomplish 
the ends desired. The development of one such project frequently 
raises the general requirements in the particular industry to which 
it belongs and incites competing development. This may account 
in part for the spasmodic markets for the different lines of large 
machine tools. The requirement for these tools is very irregular. 
Some lines lie dormant for a long time, during which others are very 
active, and then the active ones drop out entirely for a period and 
others take their place. There are also times when the saturation 
point is temporarily reached, during which the whole market is 
dead. 

From the foregoing it can readily be understood that large ma- 
chine tools cannot be constructed or handled as a continuous manu- 
facturing process. Consideration of this fact affects all branches 
of the industry from the design to the final inspection. The market 
has been so irregular as to make it seem inadvisable or uneconomical 
to equip and maintain establishments for the sole purpose of build- 
ing such tools. 

Machinery for building in the most efficient way the ever-in- 
creasing sizes of tools the market demands, would involve an in- 
vestment far in excess of that which would predicate an equitable 
return. The machine-tool builder therefore in many instances 
has to use average large-shop equipment to produce tools of a larger 
size than any he has in his establishment. This condition requires 
considerable attention from the designer, who must plan the large 
units of the machine so that they may be handled by existing equip- 
ment and at the same time not suffer in their value as a part ol 
big machine tool. 


the 


LIMITATIONS IMPOSED ON THE DESIGNER 


Large patterns are bulky in storage and expensive in maintenance 

to such an extent that in many cases the designer must try to 
adapt them to a variety of uses. It frequently pays to make a 
mold from a larger pattern and to stop it off with cores, rather than 
make a new pattern for the job. The time required to make new 
large patterns for a machine might affect delivery dates seriously 
and cause the loss of sales. The designer must bear all of this in 
mind, and also consider the feasibility and desirability of com- 
promise in shaping the large units. 

Another factor entering into the design and construction is the 
limiting sizes of parts that can be conveniently shipped. Bridge 
and tunnel clearances on the railroads limit the dimensions of parts 
that can be shipped asa unit. Machine tools must be made so that 
after having been assembled, tested, and corrected where necessary 
to an accuracy seldom matched in other mechanisms, they may be 


distance 
: total weight, 412,340 Ib 


must be knowledge of the action of the molten met 
in cooling, which will enable the patternmake: 
the foundryman to gage with degres 
certainty the eccentricities of the metal in | 
castings so that those delivered to the machine shop will be s« 
the bearing surfaces will show a good close-grained materia! 
from sand or casting defects, and the finished surfaces will |! 
such hardness as will produce good wearing qualities and at 
same time will not be too hard to machine satisfactorily wit! 
undue trouble with the cutting tools. 

A large casting must be designed so that as far as possible 


from table to 
SOTLLe 




















Fic.3) Pneumatic Device FoR CLAMPING PLANER CROSSRA 


various sections will balance each other in cooling. Lack of b«.ane 
in a long casting, for instance, if not properly compensatec, W! 
cause it to distort in cooling, often to such an extent that the amou! 
of finish allowed in the pattern shop is of no use. There ai 

cases, however, where it is necessary to use unbalanced 
In these cases experience teaches how much the mold should 
distorted to offset the natural tendency of the casting. Big caste 
for machine tools require the handling of large quantities 0 tel 





‘ 
t 


taken down, shipped, reassembled, and reproduced 
after these operations the same degree of accuracy 


CXxp rt 














































irge casting may, 


ie largest of castings. 


V2 


netal in the very short time that can be allowed 


he cast ing 





irfaces of the machine, 


nd not extremely brittle 


ropet 


In order to produce a g 


em against chill blocks 
at is known commercially as chilled iron. 
thod is desirable and pl ictical, some years of 


essential 


» of chills and analysis of metal are 
ge castings in order that satisfactory 


obtained 


In the machine shop the ¢ istings must be 
oduce accuracy All castings as they come 


ntain a great number of internal stresses 


im the 


and CONSIS 
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lor pouring CVel 


good close-grained material on the 


easily m 


experien 


ma 


properly han 
from the f 


Whe 


Some ¢ 


resses are released in machining, others that thev have been 


gf are also re leased and produce distortion 
should he 


rv that these large castings 


sequence of 
ven for the work the 


stresses to 


One of the disturbing factors in the construction 


Is is the variation in temperature between nig 
ween floor temperatures and temperatures whicl 


iv, 25 ft. above the floor. For instance, in 


mselves out be for 


te 


rough-machined 


final cor 


of large 


1 eXist at 


ting the atigi 


Interrupted flow of metal in pouring a 
in fact will, if it oceurs, detract from the valu: 


wearil 


it has been found desirable and practi: 
ing a high-silicon iron, to cool these surfaces quickly by casti: 


The metal produced in this way is 1 
It is 
While it is common knowledge t 


vehine (i 
hat thi 
e as 


KING 


dled 
oundry 
| thr ~( 


balane 


It is therefore nec 


In tl 


operations and that enough time between 


ditt 


ht and day 


i he 1g 


t of the housings or uprights on large machine tools, variation 
perature will cause uprights to move from one side of a plu: 
to the other in comparatively short time Due allowance for 


riation in temperature, timing of the tests and inspection, during 


course of erection, to fall under proper conditions, are very 

ary in building these machines, particularly as such an up- 

ht must be plumb to within very close to a thousandth of an inch 
s whole length 


he main bearings on large machine tools must be aecuratel 


d. To do this conveniently, where possible the bearings ar 
ed and bushed and each bearing scraped to fit its indiy 


dus 
The shaft bearings are ground. 


In fitting the shafts to the 
ngs on large ichine tools, shoulders are turned on the si 

















Fig. 4 25-Fr. Bortna AND TURNING MILL WITH 


STROKE oF Too. 


10-F'r. 


rossrail here is so deep vertically to meet requirements that the reinforcing 
r is omitted satisfactorily Total weight of machine, 373,130 Ib.) 


















































i Ma 


HiNt 


to suit. Measurements from the stands and housings after they are 
set up and bolted to place, are transferred to the shafts with prope 
illowances for running clearance. A properly designed bearing, if 
improperly fitted during erection, may in a very short time of ru 
ning develop such trouble that the design of the bearing may bi 
questioned and throw discredit on the machine performance: 
All of the igs in high-grade machine tools are 
in order that (1) the best possible kind of metal may 
or the be face, and so that (2) 


r scarring or wearing in the 


main be ari 


ished 


be provided 
aring surface in case of accidental cutting 


Service bearing may be renewed by 


replacing an old bushing with a new one. In order that replac 
ent may be properly effected the bushings are first bored and th 
irned on a mandrel so that entricity of their inner and oute1 
rfaces may resu 7 res that a replaced bushing 
store cor g | practice of boring bushings a 
r | ¢ 1 ( | f 
putable ders 
LUs { 1) 
I EM NE 7 
\ detailed discussion of design and construction as applied t 
me tool, to be eomplete, would take up more space that 


Howeve r, one or two spe 
e taken to illustrate some f the outstanding points 
idea of the proportion 
To appreciate the size, comparison may be mad 
with the medium-sized boring mill set on the work table of t] 
nill. The small mill shown swings 100 in. between the uprights o1 
housings; the large mill swings 35 ft. and has a maximum clearanes 
between the work table and the underside of tool heads of 18 ft 
Che rams at whose lower ends the cutting tools are carried have 
stroke of 7 ft. The weights of some of the large 
follows: bed, 98,000 lb.; table, 73,000 Ib.: 
lb.; total weight of machine, 429,200 Ib. 
The main problems confronting the designer in this instanc: 
were that the machine was to carry on the table work weighing up 
to 75 tons, bore a true hole 7 ft. long, and face and turn accuratels 
The accuracy required in the bore will probably not permit over 
0.002 in. variation in round or in parallel in the length of 7ft. To 
obtain the requisite accuracy the guides on the crossrail on which the 
tool heads move must be very close to a perfect parallel to the an- 
nular bearing surface on top of the bed. 


s of a large boring ar 


urning mill 


; 
castings are as 


crosshead bar. 66,000 


Obviously the tendency 
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flat 
complete 


that it will produce 
throughout its 


and parallel surfaces 
working The 
parallel accuracy is of course controlled to a great 
extent by the foundations upon which the machine 
is installed. Settling of foundations can very easily 
throw a long bed out of line to an extent that will 
affect this requirement. Where accurate work is 
required from a planer, the bed should be tested, 
for level and straight, at short periods, for some time 


range 


after installation and thereafter at such periods a 
may be indicated by the character of the output of 
In the 
must be set up so that it 


the machine. builder's shop, however, th 
flat 


limits of a few 


plane 


mM ichine 
ind 
thousandths of 

rhe 


as in that of the 


will 


parallel Within extreme 


an inch 
same problem confronts the designer in thi 
CA boring mill, namely, the desigr 


se 
d construction of the rail on which the planing 


"1 
to 


olholders are carried \s the planers so far built 
have not reached the widtl between thie uprig! t 
req uired on boring mills it is hot been hnecessal 








\ f HING MIACHINI OPERATED AUTOMA ALLY FI 
Parer TEMPLET 
d for di cating layout and very accurate in spacing On of these machi 
59,600 hol in 0 hour It may be broadly cla d as a lar machine 


a beam Susp nded on serews 36 ft. from center to center is to 
at. due to its own weight and the weight of the tool 


Lo remove 


deflect somewh 
heads 
the form ot 
bar. The 


, 
ends of the 


the sag in the crossrail, a separate casting in 
in arched girder is bolted to the top of the crosshead 
arched girder is mounted between abutments at the two 
crossrail, in between the uprights and in a vertical 
plane as near to the front edge of the crossrail as saddle clearances 


peruualt 
Rigip Support ror Currina Too. 


Another problem confronting the designer is that of supporting 
the cutting tool in a sufficiently rigid manner to take reasonably 
heavy boring cuts when the tool is extended, say, 7 ft. to 10 ft. below 
the bearing. This puts a bending as well as a twisting strain upon 
the tool bar, and a twisting and bending strain upon the crossrail. 
To resist these forces in the crossrail, the rail is made of a box con- 
struction. In the machine shown in Fig. 1 this box is a continuous 
section the full distance between the two uprights and is clamped 
at the back edge of this extended section to the uprights, at both 
sides. It is much easier to design a sufficiently rigid crossrail along 
these lines than in the case where the curved-back crossrail is used, 
in which the box section reinforeing the front of the 
rail starts from nothing just inside of the uprights 
and swells 


to its maximum dimension, horizontally, 
inthe middle of the machine. With this latter con- 
struction the entire torsional strain is transferred to 
each end of the rail through the comparatively light 
section, while with the extended back the strain on 
the light section of rail which passes in front of the 
uprights is relieved considerably by the clamps 
securely holding the back edge of the crossrail to thi 
uprights. 

Fig. 2 shows a large planing machine erected in 
the shops of one of the large electrical manufacturing 
companies. A conception of the proportions of this 
machine can be formed by comparison with its 
surroundings and with the height of the workman 
standing on the table. It is made with a table to 
plane work 36 ft. long. The overall length of the 
bed is 65 ft. 8 in. The clearance the | 
16 ft. 2 in. and the distance from the 
table to the underside of the crossrail is 13 ft. 4 in. 
These figures fix the iimits for the size of the work 
that can be handled on it. The bed weighs 123,400 
lb. and the table (38 ft. 6 in. long) 151,000 Ib., the 


between 
housings is 





hie “VV a 


but the same 


to make the ecrossrails of as 


Pros 1 


section as ¢ 

; ; 

ie boring mills considerations, on 
reduced seale, indicat 

aas pe . the 


of the rail 


the desirability of the use 


ul 


arched girder to eliminate the initial deflect 


PLANER RECIPROCATING MECHANISM 
Another 
mechanism 


on the 


feature ot great Importance Is the question ol 


adequ 


whereby the heavy table, and heavy work ari 


table, may be reciprocated at desirable speeds ‘| 


machine 


planing cuts in one direction. The two-direct 
cutting planer came into and passed out of existence some ye 
ago. The return stroke of the platen and work is. there 


lost time, and must be reduced to the smallest possible amo 
in efficient production. The time required at each end of 
stroke during which the planer must be slowed down, 


Stop} 
and reversed is 


another important item in 
planer of this size can conceivably be used on a job requ! 

a stroke of 2ft. in which the table loading is very | 
say, 90 to 100 tons. Imagine the problem of reciprocating 
heavy load, in addition to that of the table, backward and forw 
cutting on one stroke and coming back to the cutting positior 
the other. The shock upon the mechanism and upon the fastening 
holding the work to the table is obviously one that must be handled 
carefully. Up to the present time the table-driving mechanis: 


Th 


production 


a planer has assumed two distinct forms. 


one more com! 





total weight of the machine being 412,340 lb. Se as ' 
; : . Fic. 7 MeEcHANISM FoR PuNCcHING Paper TempLates Usep in Avromatic | NG 
On a machine of this type the outstanding con- MACHINE SHOWN IN Fic. 6 THe Puncnep TEMPLATE 18 CHECKED 3 


siderations are as follows: It must be so constructed 


SHOWN AT THE LEF1 
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used is the obvious one and therefore the oldest, wherein the driving draw the few examples given, as being the two outstanding largest 
mechanism consists of a train of spur gears, reducing the speed from _ types of surface-finishing machine tools constructed up to the present 
the power means to the proper speed of the work table or platen. time. Indications are that still larger planers and boring s will 
These gears are sometimes modified to herringbone types. The — be built in the near future than have been built before 
wer is delivered in all cases of recognized design through a rack : 
bolted or clamped to the underside of the platen. The other type of Auromatic PUNCHING MacHINI 
ive, a recognized form for more than fifty years, is that known to There are other large machine tools in wl l¢ 
e trade as the “Sellers” drive. The pinion which engages the equal importance with those mentioned have tal ! 
k is a helical pinion, commonly called “spiral pinion,” the teeth design and construction offer ma interesting prol | 
ng wrapped around the pinion in the form of a helix. The pinion figure 6 one such tool is illustrated. This machine 
nounted on a shaft which exte nds diagonally thro igh the bed, large machine tool, was de signed ind built machil Low 
rging at the back of the right-hand upright, and to which the — yet it might be just as appropriately classified under the 
sary reducing gears are applied. This latter form of drive,  ‘‘automatic 1 ! It has been distinctive umed 
le more difficult to produce, has an advantage in the fewer re- isers the “pianola pur this name being derived from. th 
tions necessary to translate the speed from the driving means fact that its op Ol entirely controlled pul pel 
e table. This is for the reason that a spiral pinion can be made tem] ( 
four or five teeth, and of a diameter large enough to key upor 
driving shaft. In this drive, when properly designed, there ar 
times portions of four teeth engaged with the rack In the 


the spur-geared drive it is difficult, even with a large driving 


with a great number of teeth, to get more tl 


inh ¢ tooth 
ve action at all times. It can be readily seen that with a 
ooth pinion driving into the rack, as compared to at least a 
ve-tooth pinion driving through an idler into the rack, a gearing 
ction equivals nt to more than two to one is introduced 
Coming back to the shock of reversal of the planer platen 
ner using a drive in which the pressure is distributed ove 
teeth of the rack has an easier problem to solve than one in 





one tooth only is counted on to take the shock 
the planing machine in particular, the designers and builders 


to thank the electrical engineers for the best solution 


, so far, of 
roblem of reversing driving means \ reversing motor hav 
t connection to the driving veal of the plane r has been developed 

ities up to 75 hp. and both it and the control have beer 


1 to stand up suecessfully under the strain of continuous re 

















electric control of the variable-speed d.e. motor has had 
lerable influence upon the design of machine tools in the last 

-five year The facility with which speeds can be changed 

n the range of the motor, in the case of a drive; and the ease 
which one can use remote control on motors for the adjust 
I has eliminated many mechanical complications and made 
e greater simplicity of design 
PNeuMatTic CLAMPING Devic 

pressed air is used for some of the operations which in th 
s and earlier machine tools were pe rformed manually. \ | . I> ' , [ 
r instance of this is found in these same large boring and | , , 
t mills and planers. Rigidity is essential to the satisfactory [°° eee “ 
ince in cutting and the crossrail of a mill or planer must be 
hi clamped in position during the cutting operation. For this — pressed air controlled by the 1 the paper templat 
| f adequate clamps are provided to the inside and outside all of the selective mec] sms 
uusings. When it is desired to change the distance between The machine is of the lever typ he pun 
t] en or work table and the crossrail, these clamping bolts must crossbeam and arra gy d so tl Ir CTOsSsS-sSpacing Mm ia 
by ised, and tightened again after setting. On a high, wide — to suit required conditions. Lach punch holder is comp 
n these bolts are in inconvenient positions for the operator pneumatic gag-blo k for throwing its individual pun 
t To obviate this, pneumatic clamping devices are arranged of engagement. Spacing mechanism is provided f 

operator from a position on the floor can, by moving a — work through the machine in any multiple o in r 

s r valve, control either of the required operations. Fig. 3 which contro of tl tions of tl 
SI ne of these alr-ope! ited clamps at the back edge of an ex- pre read thie ck irtine ! t 
te back erossrail. Similar devices are located at the three work clamped in posit 1 machine set in m¢ N 
ol Mmping points A evlinde r operates two clamps, each one attentio1 needed until tl operation of pun 
* resist the pressure required to set up or unlock its mate. angles, or bot s the case may be, is compl | 


imatie evlinder functions through mechanism which, when — will automatically stop. Innumerable 


stays in that condition until positively unlocked. It is from the original template, and made with gr 


ry to maintain pressure in the cylinder during the periods many as eight plates, separately punched, have | ed 
” be adjustments. The mechanism in the pneumatic clamp- upon the other and the holes registered so clos that rivet 
Ing eS consists In some cases of screws operating through levers iron could be put through all of the plates nn ny hol | 
wit e edges to multiply the clamping pressure, the screws being mechanism for punching and checking the paper templat 
Ope | by levers. The clamping cylinder is connected to one of — in Fig. 7 
et th and the end of the piston connected to the mating lever. The discussion on Large Machine Tools might be made to fi 
sG Phe inder is suspended between the two and acts as an equalizing up almost an unlimited space; but it would seem as if the foregoing 
3 a8 W 


iS € pressure means. will suffice to broadly outline the general character of the work 
‘ mills and planers have been St lected from which to of designing 


1 ] 
and constructing large machine tool 








The Efficiency of the Scotch Marine Boiler 


Results of Coal- and Oil-Burning Tests Made by the U 


_ 5. Shipping Board and the Bureau of Mines 


Showing the High Combined Efficiencies of Boiler, Superheater and Air Heater 
That Are Obtainable with Careful Operation 


Br C. J 


HE following brief account of the tests run on a Scotch 
marine boiler by the U. 8S. Shipping Board in conjunction 
with the Bureau of Mines has been written with the idea 
of presenting to the marine world a few facts and figures in regard 
to the possible efficiencies and capacities that may be obtained with 
the Seotch marine boiler, provided it is operated with the same 
care in supervision as that given to the average efficient stationary 
plant 
From the analysis of the logs of approximately 250 vessels, it is 
apparent that the average merchant marine cargo carrier develops 
approximately 60 to 65 per cent efficiency in her boiler plant when 
oil-fired and that these values are from 55 to 60 per cent for coal- 


JEFFERSON,! 


NEW YORK, N. \ 


Candidates for this school mowst 
holding merchant marine licenses as second 


and practice of fuel-oil burning 
be American 
assistant or higher. 

The tests which are outlined below were conducted by the U.S 
Shipping Board in order that reliable and accurate data might b« 
obtained as to the possible efficiency and capacity of the Scot 


citizens 


marine boiler, which is one of the oldest types of boilers in service 
and which has been accepted as a good, reliable servant without 
due reg ird being paid to its possible eflicieney 

The Bureau of Mines was especially interested in making the 


\ 
thermodynamic survey of the boiler by means of thermocouplk 


readings, gas analyses, ete., to determine the effects of combustio 


























fired boilers. This same condition holds true for the average by the water-cooled furnace. Its findings are now being prepares 
by Mr. Mumford of the Bureau of Mines and hi 
associates who worked with him and the author in 
carrying out these tests 
— —_ Pt. : 
| t 22 rhe boiler selected for the test purposes wa 
o @ y 9 o SS + oe x - ee single-ended, three-furnace, separate-combustio 
SS <4 . . ° a . 
© 0 @ , oo 9 _ o— pons Se seer chamber type, having 2777 sq. ft. of heating surfa 
AS RaAanAR st Ea Wa &4a4 with coal fire and 3022 sq. ft. with oil fire I 
000 0 ilo Ibi iciia Ci ae ee ! ; , 
$44 pees tive th tha |) —— boiler was fitted with a Foster waste-heat supe 
pmooomececeng = oso fo@og)} DOOOOOOLOOT Saad : 1 ; cela ; x : 
e00008 F&F Hie ccooe = ; heater having 774 sq. It. of heating surlace al 
2 B Sooo Ee @. S } x ; ; 
3 CCO0COR F oe ose 5 be) > which was placed within the gas pass above 
© . 2 f @ . ‘ : 
g es Serer Benet ie e000 % L 4 i smokebox. Above this superheater was an a 
BIEQ00000009¢ re : DY | GQ@CeC@CeOReC é " ¢ . « ‘ , } 
eo. = 0 mt :| ny yy : ‘ heater having 1220 sq. ft. of heating surface whi 
—< 5 fw j Se , 
Sgeataegks \\ J 4: heated the air supply to the Howden fronts wh 
4 —— 4 a: Sane . — 4 . > : . 
y | Ol1o j oe running forced draft. Fig. 1 shows the gene 
| , = » 
—_—_ { " tte Gy Gant, ttl o . 
" Wi ! : arrangement of the boiler and Fig. 2 that of 
d \¢ “ ba . superheater. 
Se | y) ba ey ¥ 7 i, Tests were divided into four distinct grou} 
rm O / Oo fig =3 
te . ‘ y) “- . ° . 
S&S @X 44 § A )j namely, hand-fired coal, pulverized coal, fore 
= Coe draft oil fire, and induced-draft oil fire. The p 
verized-coal experiments were conducted to the po 
Fic. 1 GerneRAL ARRANGEMENT OF ScotcH Marine Borer Tes where it was demonstrated that this type of fir 


stationary plant of less than 1000 boiler hp., as has 
been shown by several analyses made at various 
times of boiler tests conducted on this type of plant 
The time has come, however, when better results 
must be obtained. The Diesel engine is rapidly en- 
tering the marine field and the steam-driven vessel / 
must develop its maximum efficiency if it hopes 
to be able to sail in competition with the motorship, 


even after making all allowances for the relative r 
difference in the first cost for installation. 

Moreover, the merchant marine of the United 4) , 
States has established a higher standard of living for ‘= . 
its operating personnel than its competitors. This | 
higher standard means increased cost of operation, i //y 
and this increased cost must be met by increased i //[r 
efficiency of performance. | 

The first essential in obtaining higher efficiencies is Hi \ 


to educate the operating personnel to the point where 
they appreciate what higher efficiencies mean, how 
to use the instruments necessary for determining the 
efficiency of combustion, and how to correct faulty 
combustion and thereby build up boiler efficiency. 

For this purpose the U. 8. Navy has now opened a school at the 
Philadelphia Navy Yard for the benefit of the U. 8. Merchant 
Marine, where a short and intensive course is given in the theory 





1 Head of Fuel Conservation Section, United States Shipping Board 

Presented at a meeting of the Metropolitan Section of THe AMERICAN 
Soctery oF MecHANICAL ENGINEERS, New York, November 14, 1922. 
Slightly abridged. 
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Half Section A-A ect C~¢ 
SUPERHEATER USED WITH ScotcH MARINE BoiLer Testep 
is not feasible for marine service of the Scotch boiler, as the | 


size and water-cooled feature of the furnaces and combu 
chambers prevented operating at ratings which were suffi 
high to meet the demand made by the average marine 
plant. 

Fig. 3 shows the boiler fitted for the hand-fired coal-burning ‘est 
In this figure the smokebox, ashpit, and fire doors are shown wit! 
open as it was taken immediately after thorough cleaning 
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I 3 Scorca Marine Borzer as Firrep ror Hanp-Firep Coat- 
Burnine Test 
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fire side of the er in preparation for the t 
burning tests which show typical results are give n Table ] 
hese tests are selected as representing results cov y ymmbu 
tion range of from 13.07 lb. to 30.9 Ib. of coal pe rp quart 
foot of grate surface. It will be noted that the plant efficien: 
luding boiler superheater, and air heater ranges fro 72.9 to 
77.9 per cent All of these tests were run under 
operating conditions 
The foreed-draft oil-l i ng test “ ( nducted 

















Fic. 4 Scorcu Marine Borter as Firrep wirn Burners [nara 


IN HowpEN FRONT For Forcev-Drarr Runs 


Schutte & Koerting, Coen, Todd, and Bethlehem Shipbuilding 


, - 
Corporation burners, all of these except the last named being used 


TABLE 2 FUEL-OIL TES!1 OF COTCH MARINE BOILER—HOWDEN 
FRONT FORCED DRAFT 

Boiler }- furnace witl eparate combustion chamber heating irla 122.4 
q. ft heating irt of air heater 2 at 
174 sq. ft retard 
fest number om j 
Duration, hr . 0 2 SSS y¢ 
Combustior pace t “1 4 T] 
rotal fuel fired, lt 6704 i704 H091 
Fuel per burner per hi OTS {38 671 
Fuel per hr. per sq. ft. of hea t 27 0.43 BAK 
Analysis of oil as fired 

Moisture, per cent ’ 0 

Sediment, per cet ’ 

Hydrogen, per cent q 11.73 1 ¢ 

Carbon, per « t s R383 x4 

Sulphur, per cent ; 9 4.1 ‘ 

Gravity, deg. B j 15.4 ; 

specific gravity on 0 OF » OF 

Flash point, d fahr 16t 1A 164 

Burning point, deg. fahr 234 234 234 

Heating value, Bt py 8,19 8. 324 8 234 
Flue-gas analysis 

COs, per cent LU. 12.3 «.t 

(he, per cent 6 4 

CQO, per cent 0.04 0 ( 

No, per cent 82.87 83 83 7 
Weight of gas per Ib. of fuel 19.37 16.9 16.83 
Boiler pressure, gage, lb. per 170 172 78 
Superheat deg 24 4 ‘ 
Moisture in steam leaving boiler, per cent 0.65 0.62 0.62 
Drafts and air pressure inch f water 

Furnace 0.20 0.19 1 28 

Below superheater 0.08 0 09 0.05 

Below air heater 0.11 0.11 (..09 

Base of stack 0.14 0.14 1] 
Gas temperatures (deg. fahr 

Leaving boiler 433 597 He 

Leaving superheater 170 512 7 1 

Leaving air heater 341 385 428 
Total water fed to boiler, Ib 97, 635 56. 574 88 120 
Feedwater temperature, deg. fahr 188 218 20 
Equivalent evaporated steam from boiler, It 

per hr. per sq. ft. of heating surface 4.29 6.72 10.10 
Actual evaporation, lb. per lb. of oil fired 14.57 14.91 14.47 
Efficiency of boiler without superheater, per 

cent &2 8O 81.80 an 7 


Heat balance 
Heat absorbed by boiler and super 


heater, per cent 84.6 83.8 a3 5 
Loss due to moisture in fuel, per cent 0 0 0 
Loss due to burning hydrogen in fuel 

per cent 6.0 5.6 6.0 
Loss due to heat carried away in dry gas 

per cent 3.8 3.9 i4 
Loss due to CO, per cent 0.2 0 0 
Loss in unconsumed oil and unaccounted 


for, per cent 5.4 6.7 6.1 


Heat in fuel as fired, per cent... . ‘ 100 100 100 





in conjunction with the Howden combined oil- and coal-burning 
front. 
Fig. 4 shows the boiler fitted with burners installed in the Howden 
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Fie. 5 Scotrcn Martine Borver as Firrep with BETHLEHEM BURNERS 
FOR INpUcED-Drart Tests 
front for foreed-draft runs. Table 2 gives the results for three 


representative tests of this series covering a range of from 0.276 
to 0.666 lb. of oil per hour per square foot of heating surface. It 
will be noted that the combined boiler, superheater and air heater 
efficiency ranges from 83.5 to 84.6 per cent. Fig. 7 gives the 
average efficiency values covering the entire series of forced-draft 
oil-burning tests. 

The induced-draft were conducted with the Bethlehem 
Shipbuilding Corporation burner shown in Fig. 5, as well as with 
the Schutte & Koerting types “L’’ (modified) and “‘N,”’ the Coen, 


tests 


rABLE FUEL-OIL TESTS OF SCOTCH MARINE BOILER—NATURAL 
DRAFT REGISTERS 
Boiler same as used in tests of Table 2 
rest number 97 94 67 79 
Duration, hr 3.00 2.498 3. 203 2.951 
Combustion space, cu. ft 560 560 561 564 
Total fuel fired, lb 2111 2868 4408 $25 
Fuel per burner per hr., Ib 235 383 $59 517 
Fuel per hr. per sq. ft. of heating sur 
face, lb : 0.233 0.380 0.455 0.513 
Analysis of oil as fired 
Moisture, per cent 0 0.1 0.1 0 
Sediment, per cent trace trace trace tract 
Hydrogen, per cent 11.37 11.25 11.34 a1 .7 
Carbon, per cent 84.08 83.82 83.60 83.08 
Sulphur, per cent 1.0 3.9 ..5 3 
Gravity, deg. B 15.4 15.4 15.4 15.4 
mpecific gravity 0.963 0.963 0.963 0.9635 
Flash point, deg. fahr 166 166 166 166 
Burning point, deg. fahr 254 254 254 254 
Heating value, B.t.u. per lb 18, 382 18,418 18, 248 18, 459 
Flue-gas analysis 
COs, per cent 12.8 13.06 12.2 11.98 
Oe, per cent 3.3 3.0 4.4 t.4 
CO, per cent 0.03 0.17 0.01 0. OF 
Nz, per cent 84.87 83.77 83.39 83.56 
Weight of gas per lb. of fuel, lb 16.48 15.95 17.19 17.49 
Boiler pressure, gage, lb. per sq. in 172 174 172 168 
Superheat, deg. 0 14 28 33 
Moisture in steam leaving boiler, per 
cent 0.62 0.64 0.62 0.47 
Drafts and air pressures (inches of water 
Furnace : - 0.14 0.22 — 0.31 0.64 
Below superheater 0.15 0.25 0.48 0.78 
jase of stack 0.15 0.31 0.57 0.54 
Gas temperatures (deg. fahr 
Leaving boiler ‘ 445 525 589 548 
Leaving superheater ‘ 420 473 503 490 
Total water fed to boiler, lb ‘ 32,276 41,282 61,813 66,348 
Feedwater temperature, deg. fahr 232 212 191 212 
Equivalent evaporated steam from 
boiler, lb. per hr. per sq. ft. of 
heating surface 3.63 5.69 6.79 7.68 
Actual evaporation, lb. per Ib. of oil 
fired . 15.29 14.39 14.02 14.35 
Efficiency of boiler without super- 
heater, per cent 82.35 78.98 79.29 78.70 
Smoke, Ringlemann scale 1.5 1.75 1.5 2.5 
Heat balance 
Heat absorbed by boiler and 
uperheater, per cent 82.9 80.2 81.1 80.6 
Loss due to moisture in fuel, per 
cent u 0 0 0 
Loss due to burning hydrogen in 
fuel, per cent 5.7 5.7 6.0 6.1 
Loss due to heat carried away in 
dry gas, per cent aon 8.4 9.6 9.4 
Loss due to CO, per cent 0.1 0.6 0 0.2 
Loss in unconsumed oil and un 
accounted for, per cent ‘.2 l 3.3 3.7 
Heat in fuel as fired, per cent - - 
100 100 100 100 


the Todd, and the Enco burners. This latter burner, Fig. 6, was 
originated at the Philadelphia Navy Yard Fuel Oil Test Plant, 
and its adaptation for use in Scotch boiler service was developed 
during these tests. 


Vou. 45, No. 4 

















BorLer as Firrep witu Enco B 
INpUcED-DRarFt 


Scotcu MARIN} 


Fic. 6 


RNERS FOR 


Tests 


The ratings obtained in these induced-draft tests were limited 
by the amount of available draft as the height of stack above the 
center of furnace was only 40 ft., and this draft was augmented by 
a }5-in. steam nozzle. The combined effect of the stack and nozzle 
produced an 0.9-in. draft at the base of the stack Table 3 give 
the data of four representative tests covering a range of from 


).233 to 0.513 lb. of oil per hour per square foot of heating surface 
and showing efficiencies ranging from 80.6 to 82.9 per cent. Fig 
8 gives the average efficiency values obtained from all of the test 
of this class. 


In comparing Figs. 7 and 8, the fact must be kept in mind that 


~ 
~ 
~ ~ 
S 
uw 03 04 05 06 
Jil Burned per Hour per Sq Ft of Heatina Surface 
Fig. 7 AVERAGE COMBINED EFFICIENCY VALUES OBTAINED IN TH 
Forcep-Drarr O1L-BuRNING TESTS 
(1002.46 X Ib. oil per sq. ft. of heating surface oil per burner 
: om 
Sa 1 
a.OC 
- 
as 
u 0 
Burned per H per Sq f Hea " 
i 
Fig. 8 Averace ComBinep Erriciency VALUES OBTAINED IN 
INpucEb-Drarr Tests 
(1002.46 X Ib. oil per sq. ft. of heating surface = oil per burner 


the induced-draft tests did not have the help of the air heat 
building up furnace efficiency. 

From the foregoing data it will be seen that the Scotch m 
boiler is capable of efficiencies considerably in excess of the av: 
operating values obtained, and it is, therefore, a matter of . 
pel calculation to show what considerable fuel savings are po 
when reasonable supervision is shown on the part of the oj 
ting force. 























Effect of Pulsations on Flow of Gases 


By HORACE JUDD,' anp DONAITI 

The movement of gases and liquids when calculated by the exisling 
hydraulic formulas presupposes a sleady or continuous flow of the fluid 
Anything which causes this flow to proceed in puffs, waves, or pulsations 
will result, by the action of metering devices, in errors often of great magni 
tude which generally do not admit of any adjustment, or of any definite 
knowledge of the amount of the error 

The present paper discusses work undertaken under the joint direction 
of the Engineering Experiment Station of the Ohio State University and 
the Research Sub-Committee on Fluid Meters of The American Society of 
Vechanical Engineers, which had for its object (1) the study of the nature 
of the pulsation and (2) the discovery of some practical means of reducing 
or eliminating the pulsation or of compensating for its effects on the devices 
used for measuring fluid flou The investigation was confined to the 
venturi meter, the orifice, the lange nozzle meter, and the pitot meter, using 

fl line It is 

= 


yr tou 3 in 
believed, however, that the basic principles established by the experiments 


from a small compressor discharging inlo a 


are fundamental for pulsating flow conditions for gas, steam, and water 


s well as for air, and also for other sizes and kinds of installations 


NE of the most d 
in the meterin 


connection 


intered in recent vears 


specially in 


ge factors enco 
of air, vas, steam, and water, « 
lorms of 


power engineering, has been 


aes : ' 
his has not been confined 
] 


t due to turbulent or pulsating flow. 
] 


one class or type ol meter, but is present to a more or jess 
ree with all forms of metering device 
The measurement of gases and liquids when calculated n\ the 


ting hydraulic formulas presupposes a steady or continuous 
of the fluid. Anything which causes this flow to proceed in 
waves, or pulsations will result, by the action of metering 


ices, in errors often of great magnitude which generally do not 
iit of any adjustment, or of any definite knowledge of the 
unt of the error. 
lhe work described in the present paper was undertaken under 
joint direction of the Engineering Experiment Station of The 
io State University, and the Research Sub-Committee on Fluid 
ters of The American Society of Mechanical Engineers. A 
committee of the Fluid Meters Committee consisting of A. R. 
lve, H. N. Packard, and H. Judd was selected to take direct 
rge of the research work 
INVESTIGATION 


PURPOSE OF THE 


object of the investigation as outlined by the sub-committee 
was twofold: 
t To study the nature of the pulsation 

lo discover some practical means of reducing or 
the pulsation, or of compensating for its effects on 
the devices used for measuring fluid flow. 
flow meters have been classified in two main 
ms which may be called (1 


irect charge 


eliminat- 


' 
Ing 


convenience, 
positive meters, and (2) inferen- 
meters. The domestic gas, or water, meter is an example of 

It is a displacement meter in which an actual vol- 


rst class 
f gas is introduced into and the 


a container of known size, 
tity thus measured is registered on the meter. 
commercial installations of even moderate size, inferential 
rs are used almost entirely. In 
tion of the quantity of fluid passing a given cross-section of 

measured and from this observation the actual flow is de- 
| or “inferred.”” This method can be made to give accurate 
ts under steady-flow conditions, but when the flow is pulsating 
accuracy of the measurement is seriously affected, if, 
not entirely destroyed. 


meters of this class some 


indeed, 


iree general cases may be mentioned where this problem is 
ol great importance: (1) The measurement of natural gas, 


both 


Pr fessor of 
A.S.M.E. 
inior engineer, U. 8. Coast and Geodetic Survey. 
ntributed by the Research Committee and presented at the Annual 
Meeting, New York, December 4 to 7, 1922, of Tae AMERICAN Society OF 
HANICAL ENGINEERS. Abridged. All papers are subject to revision. 


hydraulic engineering, Ohio State University Mem 


B. PHELEY COLUMBUS, OHIO 
ent g and ng a compre r stat 
pressors are used ») the n rem of ( g and 
leaving large reciprocating air ¢ pressor f ’ 
ind (3) the measurement of stear ipplied to reciprocat 
engines The steam fl is pulsatir In ¢ ( 
engine cuts ol t teal Ippl uri a a i 'e 

ok In ea f these cases the fl he fluid } 
( parative ! hythmieal hich oe 
errors il reg ' ( ing 
of the infer tvp 

~) l r pu COT t ‘ 
! iprocating e used phe wre r 
‘ | { r ] } bye 
Wate hat e line I tevel 
~ lil T ? ] y ‘ ‘ T 

ilwe 

The a ! fined their investig 
I ers Phe ( elements a d 
the orice meter, the flange OZZK e! i e } t f 
lurthermore, t! have been limited to air fle 
pressor discharging into a 3-in. line; and hence their fi g 
strictly speaking, would be applicable only to installations of 
character. However, it would seem highly probable that the basi 
principles established by these experiments would be fundamental 
for pulsating-flow conditions for gas, steam, and water a 
for air, and also for other sizes and kinds of installations 


EQUIPMENT EMPLOYED IN THE INV1 


STIGATION 


arried on in the 


Mechanical In 


Unive rsity, 


The experimental work was « 
gineering Laboratories of the Ohio State 
in May, 1920 


were: l 


and was be 
The essential elements for carrying on the project 
a disturbing element to produce the pulsating flow; (2 


a quieting element, or elements, to eliminate or modify the pul 


sations; and (3 indicate constant flow 
conditions and also to indicate the effect of the pulsating flow 
Distu bir q I: ement | lig. l shows the general layout ol 


at the left hand of which is located the air 


a measuring element, to 


apparatus, extreme 


compressor C, a 9-in. by 9-in. single-stage, single-acting, gas engine- 
driven machine running at 293 r.p.m. 
about 120 ft. in total length of 
pipe containing several short lengths and fittings 
70 ft. comprised the 3-in. test line 


test line was at first made up of standard 3-in. black pipe of 


This supplied air to a lin 
which 50 ft. was made up of 2!/.-in 


The ren 
of straight continuous length 


alning 


commercial quality; later 24 ft. of 3-in. brass pipe was substituted 


for that portion of the test line preceding the meter and extending 
3 ft. below the meter sectior See Fig. 1, B 

This air supply with its full pulsating effect could be admitted 
directly to the test line or could be first discharged through a large 
tank before entering the test line A second disturbing element 
for producing pulsations artificially is shown at J, Fig. 1, the butter- 
fly-valve interrupter. This butterfly valve could be driven at 


speeds ranging from 180 r.p.m. to 800 r.p.m., producing thereby 
a variation in the number of pulsations per second. 
(uiet ng ij ement 


tial feature 


Considerable study was made of this essen- 


and many trials were made to satisfy the authors that 


The 


they were securing pulsationless flow where and when needed. 


tank 7, Fig. 1, was used to quiet the pulsation before the meter 
station, 7, was reached. This was a 1S-in. vertical tank of 200 
cu. It. capacity. Air could be admitted either at the bottom or at 


the top and released from the tank through the internal pipe which 
reached nearly to the top. This tank when fitted with 1’ 
orifices at top and bottom made it possible to get air flow free from 


qn 


pulsations before the test meters were reached. 
A second quieting tank was inserted at Q, Fig. 1, 


at a point Sit 
below the meter station. 


This was necessary in order to secure 
pulsationless flow at the orifice head for the purpose of establishing 
standard flow conditions. This tank was selected almost by chance 
and afterward was proved by test to be of sufficient capacity to 
eliminate practically all of the effect of the pulsating flow, and with 






























the insertion of a 1 4 in. orifice at the exit from the tank the authors 
were entirely successful in securing pulsationless-flow conditions. 

There are two positions marked, V, Fig. 1, one near the com- 
pressor and one just beyond the large quieting tank, where volumes 
of different sizes were inserted for the purpose of studying thei 
quieting effect. Because the term volume seems to apply better 
the authors have perverted the word “volume” from a term mean- 
ing capacity to a special designation, and have used it altogether 
to denote the various tanks of different dimensions which have 
been used as quieting elements. Most of these volumes were used 
in the second volume space, V, bevond the large quieting tank 

The line valve near 


the entrance to the 
as a quieting element 


throttling device. 
Both a gate valve and 
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444 belew compressor 
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by-pass in front of the line which runs directly from the compressor 
{ll the volumes used as quieting devices were placed in direct line, 
but later it was found that the by-pass position answered just as 
well for the muffler or the other quieting devices. Fig. 3 shows 
sectional views of the pipe-flange muffler and also other forms of 
mufflers, including two funnel mufflers. A form of pulsating bag 
was also used as a quieting volume and was connected to the com- 
pressor line in a way similar to an air chamber on a reciprocating 
pump. Another device used was a system of revolving fans or 
baffles. 

Measuring Elements. Under this heading will be taken up in 
order: (1) the orifice-head meter, (2) meter elements used, and 
(3) manometers used. 

Orifice-Head Meter. It was recognized at the outset that one 
of the indispensable features was an accurate method of measuring 
the discharge of the pipe, or (its equivalent) an accurate means of 
indicating the velocity of the air in the pipe. This was effected 
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Fig. 1 Generat Layout or Apparatus, Rieu 











by means of an orifice head at the end of the pipe line, Fig. 1, H/. 
Its outer diameter is 9 in. for a distance of 2 ft., followed by a 
tapered section to meet the 3-in. line. This is given a taper of 7 
deg., and was so chosen as being the limiting angle for preventing 
as far as possible the swirling and eddying of the air as it passe 
into the orifice head from the line. Seven holes, reamed to 1'/¢ in., 
were provided in the head plate (° ys in. thick), although during 
the tests not more than five were used at one time. In general th 
capacity of the compressor was reached with four holes open with 
a standard static discharge head of 0.9 in. of water at the orifice 
head The orifice head was calibrated by discharging air through 
it from the calibrated 
tank 7 under a con- 
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the number of orifices that were open in the head plate 

Veter Elements Used. The point of insertion of the n 
‘lements in the line, Fig. 1, M, was about 70 ft. from the 
pressor, 50 ft. above the orifice head, and 25 ft. from the ent: 
to the 3-in. test line. 


{ 


The venturi meter was a standard unit with 3-in. entry and 
throat. It is shown in sectional view at A in Fig. 2. 

The orifice meter was made up of a flanged section of 3-in 
pipe of the same length, 35 in., as the venturi section. The o 
flange, B, Fig. 2, was placed 12 in. from the upstream end and 
counterbored to receive the set of orifice plates and to center t 
accurately. ‘The downstream side of the hole in each plat: 
chamfered to '/3. in. in thickness. 

The flange nozzle meter was made by inserting in the ori 
meter section a special-shaped rounded-edge orifice with project "2 
cylindrical end. 

Two forms of pitot tips were used. The hatchet-edge static ‘ip 
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pitot No. 1) with '/s-in. side openings is used with an gear ees Speer pt eee a " : © 
ccompanying open-ended impact tip with °/;-in. opening. | 7 «—_»_»’»[[_»~»»_{_E___ mm fF Ae A Oe 
joth tubes are made of '!/4-in. seamless brass tubing. | ge t | eee a Oe = A 
\lso a modified form of pitot tip (pitot No. 2) was used aa z= L. | SS) ) = 2s SP ee "_ 4 @ 
ing */ys-in. brass tubing and an impact or leading open pz sS Sees SEz 
facing the direction of flow and a static or trailing : : ; 
ening dir ctly oppo ite. The diameter of each opening . a % , iF 
in. ped Oe f ——~ : : i 
\Janometers U ed. As far as possible the simpler forms =a ; , : t Pt | —ur 
manometers were used. The vertical U-tube water ——=<=___= - : nen on 
nometer, Fig. 2, D, was used with the venturi mete ‘ J 
part of the time with the orifice meter and flang: i +t . ——~—v- - - a ATTY) —tt «ates 
e meter, and also for the static line pressure. Wher Rete . SS od f. , {a} 
readings had to be magnified, use was made of a 6-i1 — ; — 4 — t 
ned one-le y reservoll oil manometer, 5 to l MAY qa = —- = = : » “ . | | 
tion (Fig. 2, ¢ lor certain other readings an in Dahon tenner ort ll i a 
d U-tube oil manometer and a vertical ( tube two- J ry ; | : : i EON 
1 manometer were used {= ' <<} 
\ Foxboro differential mereury recording gage, Fig. 2 > seme ) Coase, 
vas used to make comparisons with the water man = — EPR ia - 
ed with the venturi meter Che flow conditions | D 
ntained and checked at the orifice head | 
) I ed gage ! cre wna ) ng il ( ter « e pipe li t l nd u 
( is flow cor ! The maximu 
( ( ny ree the mpre Fig 
. a het or no quieting effect d of pipe equ 
i ire f \ y Se te! 
( { i phot lisomete made ed | ree I / tried o nin P] 
Mr. H. } rd of the Cutler-Ha ( Mi chaml { 1 However, it 
In t nt iby t] ( ( | vorthl ting de ibst te i 
? ‘ 4 qv j Verve iil eT ‘ ‘ T ( et | T { 
rot ( Lhe ding I ct ( t thy ’ 
t Cay I Une ( thre . 
gm, 0.011 ick, would tl e respond ) 
sm the e as tl , TI The « r 
au t itt to a | t } ( ! WY! ! mn the f ne u " r 
by 1 ( eam of light could be tl vn O1 
fil ving liag? proportional to tl eloc ( ! 
m beating quar ( ehre 1) fle 
) © | cle hy m < the ff] t ! j ‘ é 
diagral A great many fil: vere taker W 
v1 er of different running conditions and Ey / the 1 On starting 
luable method for providing a permanent recor e compressor it seemed frequently that the first 1 lise tr 
te of the flowing air in the line, either under violent pulsa much faster than the actual velocity of the t o te { 
to vari disturbing factors or for more steady flow duc and also to study the effect pu on on the static pressu 
fiect of certain quieting factors, as well a record of thi the line, two Crosby indicat vere attached to the line, one o1 
flow when under steady or pulsationless-flow conditions the « ! r cylinder (Fig. 1, ( and the other 70 ft. distant 
Diagran bigs. 4, 5 and 6, give records of the velocity | |, A, No. 1 indicator) near the meter space Diagrams ( 
. KeI i ft D i tures were re rrit 
- 
. 1) The pulsat e pipe produced a much gr 
] > iit { { tl il 1 my irted 4) the yt'l { ol I 
i ») whi imultaneous diagrams for a single stroke 
oa recorded it was found that the suction stroke of the « 
pressor corresponded the pressure stroke in the li 
his seemed to indicate that the pulsation required about 
the time ’ sor revolution to travel a di 
70 ft re For a speed of 291 r.p.m : 
ld 1 , it 0.1 see. for r lu a 
A sation ve it 700 ft. per sec 
Te ~ oe The Ve the Pulsation rhe result tained 


oo — _— ——$——————— determining the velocity of pulsation from the simultaneou 





2s Vv t m3 o& : 3 ets Of indicator diagrams for points located oU it apart 
v1 WATER ert p : 
; SETS SMALL cHamsers N established three significant facts 
= > “ SSS ; —_ ly ’ ’ , ’ , 
a a, =—'- oe ies » Tha , although the authors method shows results 
nee § a : —— . , so ae - 
4 saan a act 5 prontianotene: “¢ ° . Varying irom the maximum to the minimum through a 
yy pa ee Cee Ss = wide range, vet in no case does the velocity of pulsation 
{ \ a tel bee be ee be o determined approach anywhere near the velocity of the 
\ flowing air 
» That, for a variation of velocity of flowing air ranging 
NI from zero to 27 ft. per sec., the velocity of pulsation was 
FOXBORO DMFFERENTIAL *..." ° . on > 
a aa i. found to be independent of the velocity of the air. 





—$$_$___ ec That the total average for 148 computations gave 1090 
2 SecTION SKETCHES OF METERS, MANOMETERS, AND CONNECTIONS ft. per sec. as the velocity of pulsation. The velocity of 


































































fahr. and 29.92 in. barometer is 1083 


The velocity of pulsation in 


in dry ur at 32 deg 


sound 


ft. per sec lll probability is equal 


to that of sound in air 


For th iverage velocity 0 equal to LOe0 and lor 


leatio , CO? +} hy) , OT 
+ SS pulsations pet second, trie SHoOWnh on 


1 ra ‘ ] ; 
velocity of the pulsation is Independent of the velocity 


f th fl y all nd 1 evidently equal to th velocity | ound 
‘ir. i quite reasonable to conclude tl ~— 
rT 1 el ve jl e form o re ! oun 
( | Cy It seem ( 

pulsations il <1 rin ¢ iractel 

hammer in a pipe line, since they 

sound in water 
Some additional knowledge ) ll ‘ ! \ 





Fia. 
ON THE LIN} 


((¢) Max'mum pu'sation in line 50 ft 
compressor.) 


DIFFERENT Pornts 
IN LENGTH OF LINE 


4 SHowinGc Maximum Errect oF PULSATIONS A1 
No QuietTinG Errect Dvr To INCREAS! 
below compressor Do., 111 ft. below 

Where a manometer 
a meter, the following 


gained by noting its effect on manometers. 
was used to measure a differential head at 
effects were consistently present: 

a For pulsationless flow the reading was very constant, the only 
variation being a slight long period surge due to appreciable varia- 
tions in the compressor speed. 

b For pulsating flow this surge was magnified greatly. 

c For pulsating flow there is also a rapid vibration of the water 
column corresponding to the pulsations and depending in amplitude 
upon the local conditions at the manometer. 

d The most significant characteristic of the readings for pulsat- 
ing flow was the large increase over that for pulsationless flow. 
This increase was present for every type of manometer, meter and 
gage tried. It varied from a few per cent to several hundred per 


cent under extreme conditions. 


THE ELIMINATION OF THE PULSATION 


The problem of the elimination of the pulsation, or of the effects 
due to the pulsation, suggested two methods of attack: (1) Modi- 
fication of the existing metering devices so that the recorded flow 
would be unaffected whether the flow be steady or in pulsations; 
and (2) the use of devices which would correct or eliminate the 
pulsations before the flowing fluid reached the meter. 

The first of these suggested schemes was taken up to some extent 
in the study of the modification of manometer connection. The 
second suggestion, that of pulsation elimination, received the 
major part of the authors’ attention. Of the five quieting devices 
used, the pulsating bag and the revolving fan operated by the air 
flow were studied by means of the photopulsometer. The use of 
throttling devices, the insertion of tanks, volumes or equalizing 
chambers in the line and a combination of the two devices, form- 
ing the so-called “muffler,” comprise the remaining three quieting 
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and eliminating devices. These five schemes, it is believed, 


1] 
il, 


nearly all, if not all, of the practical schemes 


ISec 
for this purpose 

Modification ot V mometer Connection at the Vet ‘| he first 
attempt to reduce the error of pulsation by this means was | 


throttling the manometer connections. It was found that throttlir 
has no appreciable effect in reducing the error until the oper 
ing has been 1 duced to less than 0.07 in diametet ind that ever 
for an obstruction so small as nearly to close the opening the } 
Cel f error is not reduced to within practical limit 1} 
iret or] | I the wat coh nn Was Cé p! . 
| s quite analogous to that « gag 
t ‘I dicates that while throttling g 
does 1 its reading, it | no bene ett re 
the « r cue Isatior 
The efficient quicting elect ol volumes whet med in tl { 
geested the possibility that small volun 
ending e¢ manometers might serve to redu 
betore the meter was reached 
Several te were made using the orifice meter and t 6 
nelined gage with volumes of different sizes in o1 
manometer connections. The results of these tests show tl 
the use of volumes in the manometer connections does 1 y 
favorable results as the method of throttling. There is only ab 


nt Y 


1D per Cel ce oril 


lt was 


it reduction in the error for the 70 per 

thought, also, that the point of attachment of the 1 
ometer connection might have some influence on the error dus 
pulsation. With the orifice meter comparisons were made y 
and (2) at a 


orifices 
tance of one pipe diameter above the orifice and at pomts by 


the manometer connected 1) close to the 


, diameter to 19 diameters 
that for 






the orifice ranging from 
} 


Tests made SHOW all orifice > includ uv the St) 
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Fic. 5 SHow1ne Quietine Errect or THROTTLING BY MEANS OF AN ‘ 
SU ft. below compr or, maximum pulsation in | 


orifice, pulsation destroyed i ft. above interrupter pulsation 


orifice the error at the standard points of correction is great 
that for points near the orifice which averages 96.3 per cent 
error at the standard points of correction. For points 
distant from the orifice there is a tendency for the 
increase and then to decrease as the 19 diameters point is apy 


error 


ing, in all covering a total range of 20 per cent error. 

Effect of Type of Manometer Used. The error in n 
pulsating flow seemed to depend to ‘some degree upon tl 
of manometer used to register the head, even if all other cor 
of the line and meter were identical. 

It may be stated that all manometers properly graduati 
give the same head readings for pulsationless flow. But wl 
flow is pulsating, the ratio of its reading to the true reading will 
differ somewhat according to the variations mentioned abo A 
mercury manometer will probably show an error less than that of 
a water manometer and the latter less than one using mineral oil 
A manometer with small tubes is likely to read higher than one 
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vith a larger set of tubes, but this is merely a tendency. If the 
ibes are too small the capillary effect can be noted; and if they 
re too large, or if they end in a reservoir, the doubtful effect due 
i “volume” will be introduced. The inclined leg of a manom- 
under some conditions may even cause less “surge” effect 
Che presence Of a check value or damping device between the two 
inometer legs or chambers, or a float to actuate the recording 
may reduce the error. 
Varimum Percentage of Error Produced by Pulsation. The 
ilts obtained show that the less the obstruction to the flow of 
air, the greater the percentage of error due to pulsation; also, 
greater the restoration of pressure after passing the meter, 
greater will be the error. The reason for this relation appears 
be that, since the pulsation is a form of pressure energy, that 
pe of meter unit which in itself most completely dissipates the 
ition energy will show the least percentage of error 
Distribution of Pulsation as Shown by Traverse The pipe was 
versed by both types of pitot tubes for maximum pulsation 
litions. The results when plotted show by both traverses cnat 
r due to the pulsating flow is least at the center of the pip« 
ere is a slight tendency for the point of minimum error to b 
ted a little to one side of the center of the pipe It is not 
wn just how much the pitot tubes themselves are influenced | 
ir approach to the wall of the pipe 
Juieting Effect of a Revolving Fan Section The revolving fan 
irently has some merit as a quieting device, but is of question- 
practical value 
he Effect of te Pul 
( It is felt 
{ to cover the requirement of each individual installatior 


fing Bag as a Quiet ng Device is shown bi 
that the special design of such a device would 


rder to correct or eliminate the pulsating error. 

mination of Pulsation by Throttling. The experiments carried 

th the various devices for eliminating or modifying the pulsa 

ed to the conclusion that the solution of the problem depended 

ly on the absorption of the energy of the pulsation propa 

1 1 as a pressure wave closely resembling a sound wave of low 

ney. Whatever the device used, its value in killing th 

tion will be measured by its ability to absorb, or dissipat 

ergy of pulsation. 

general effect of throttling is to reduce the error rapidly 
ins Of a pressure drop up to 4 in. of mercury. The us 

er pressure drop causes the error to be reduced more grad 

In most cases the error is not reducible below 1 to 3 per 


} 
| 


ven with a sacrifice of a drop of 12 in. mercury. T 


ittling is immaterial whether by gate or globe valve or by 
nation of Pulsation by the Use of Volumes. Tanks, or 
capacities, or “volumes,” as the authors have chosen to call 

vere used in the line for the purpose of quieting the pulsation 

i volumes were inserted in the line so that the direction of 
f rough them was along the axis of the volume. They were 
ndrical in shape and with the exception ol the 8-in. and the 
olumes were made of thin sheet metal, No. 24 gage. It is 
from the results obtained that a volume is alse a practical 

f eliminating the pulsation. The chief question is, whether 
nstallations volumes of sufficient size would be of practical 


f Varying the Shape of Volume was also studied. In a 
ger way a volume is probably more efficient when it is of rel- 
{ large diameter. 


on of Pulsation by Combining Throttling with Volumes. 


s pulsation could be nearly if not quite eliminated either 
ise of throttling devices or by the use of volumes alone, 
iral conclusion was that some combination of the two 
might be discovered which would give satisfactory results 
the objectionable large pressure drop or the excessive size 

lume. A series of runs was made, while the various 

were in the line, where orifices of various sizes were placed 
entrance and exit of the volumes. The venturi and the 

ori eters were used in these tests. It was found that it was 

p with a volume of several cubic feet, combined with a pres- 

sure p of about two inches of mercury, to reduce the error to a 

sm gure, even for a meter having a large maximum error. 


Th Wuffl rasaqQ ceeting Device. Following the experiments 
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nd orifices combined as a means of eliminating 


with the volume 
the pulsation, the idea was further deve loped by the combination 
of a volume with several orifices; or in other words, the adaptati« 
of the principle of the automobile muffler to the problem of pul- 
sating flow It was found that the effectiven ot any ngle type 


] 
of muffler, aside from its value as a volume alone, depends entirely 


upon the amount of throttling produced and very little upon the 
ce ign and arrangement of its baffle wor! 


( ONCLUSION 
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c The pressure change is in the form of a wave front 1 


j 


a traveling sound wave of low frequency 
d The pressure wave travels in the pipe with the velocity 
sound. 
e The velocity of t 
} 


1¢ pulsation is independent of the velocity 
or quantity, of fluid flowing 
f Pulsations in air flow are similar to the compression waves 
set up by water hammer 
the fluid and ar 
g The effect of this pulsation on a flow meter is to increas 


reading, orten ¢ 


Bot! travei at the ve locity Ol sound 
independent of the velocity of flow 


iusing an error of great magnitude. The magnituds 
of this error depends upon the frequency of pulsation, nominal 
static pressure of the fluid, type of meter used and adjacent fixtures 
in the pipe line. 

h With orifice meters and flange nozzle meters the pulsating 
error increases as the diameter of the orifice, or nozzle. approaches 
the diameter of the pipe. 

it The throttling or modification of the manometer connections 
to the meter does not appreciably reduce the error. 

J The point of attachment of manometer connection has no 
great effect on the error due to pulsating flow. 
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k The pulsation error at the center of the pipe is 35 per cent 
less than that at the wall of the pipe 

1 A meter on a “dead-end” connection will usually show a positive 
error of considerable magnitude. 

m The pulsation must be eliminate d or greatly reduced in order 
to have the meter read without objectionable error. 

B Practical Elimination of Pulsations: 

n Because of the high velocity of the pulsation, an excessive 
length of pipe line would be necessary to destroy the pulsation. 

o Throttling is effective but requires & pressure drop of 6 in. of 
mercury to reduce the error to 5 per cent. 

p Abrupt volume enlargements in the pipe line will eliminate 
the error, if of sufficient capacity. A volume capacity of 20 eu. ft. 
is required for an error within 2 per cent. 

q Generally speaking, for the same capacity, a volume of rela- 
tively large diameter is more effective than one of small diameter. 

r No relation was found between the compressor displacement 
and the capacity of the volume chambers. 

s The combination of throttling with volumes forming the 
“muffler” device probably is the most effective device for the 
mechanical elimination of pulsations. 

t The pulsating bag, or diaphragm, and the fan, or revolving 
baffles, are partially successful in eliminating the pulsations, but 
their installation is thought to offer serious practical objections. 

u The effectiveness of any of these quieting devices seems to 
depend upon their ability to dissipate or change the energy ot 
pulsation which is effected chiefly through a drop in pressure. 

v The device which will destroy the pulsating energy with the 
least obstruction to the flow of the fluid is the most desirable. 

w The effectiveness of the meter element itself in quieting the 
pulsation depends upon the degree of restoration of the pressure 
beyond the meter. The greater the percentage of restoration, 
the higher the percentage of error shown for any given type of 
meter. 
eS Adjustment of Error of Pulsation: 

x It is probably not feasible to correct any meter by means 
of a correction factor owing to the disturbing effects which may 
arise from slight changes in the installation and running conditions. 

y The experimental establishment of a pulsating correction 
factor and its relation as shown in the formula proposed in the 
complete paper is not considered feasible with our present experi- 
mental knowledge of the la" f pulsating flow. 

z It seems probable that eac’: installation where pulsating flow 
is present would present its own. peculiar problem for which an 
individual study and consideration of the existing conditions 
would be necessary for a satisfactory solution. 

The complete paper contains additional illustrations of appar- 
atus, indicator and photopulsometer diagrams, tables giving th 
data obtained in the investigation, and a bibliography of the sub- 
ject. It also discusses the possibility of adjustment of errors at 
considerable length. 


Discussion! 


H. N. Packard,? who opened the discussion, said that he did 
not agree that the pressure change was the greatest factor in pro- 
ducing errors in metering devices. For instance, imagine a cylinder 
and piston to be discharging through a short length of pipe, in- 
cluding a pitot tube, into a large volume such as a gasometer. 
In the meter section no appreciable static pressure increase could 
be measured, but a very appreciable variation in rate of flow must 
occur with the consequent error of meter reading. As practically 
all meter installations were fairly close to the pulsation-producing 
piston, he believed the trouble caused was mostly due to actual 
instantaneous flow variations through the metering device. 

The statement was made that at least a 6-in. mercury pressure 
drop was required to reduce pulsations to a practical limit. Did 
the authors consider this a general statement or applicable only 
to their test conditions? It would appear to him to be a function 





1 These extracts from the discussion deal more particularly with those 
portions of the paper appearing in the preceding abridgment. 

2 Mech. Engr., Cutler Hammer Mfg. Co., Milwaukee, Wis. 
A.S.M.E. 


Mem 


NGINEERING Von. 45, Ne 

of the density of the fluid, its velocity and the pulsation wa 

form (magnitude of pulsation) if made as a general statement 
He was still of the opinion that there was some relation bet we 


the piston displacement and volume of a quieting receiver. Takin, 


the two absurd extremes of a volume equal to piston displac mel 
and an infinite volume, in one case it was known that no effe 
would be produced and in the other that perfect quieting of pulsa 
tions would occur. He believed that the quantity of fluid dis 
charged per stroke, the number of strokes per minute, andthe volun 
and diameter between the source of pulsations and the meter d 
termined the pulsation effect at the meter, at least with elast 
media such as gases. 

On dead-end error tests he believed that there was an actus 
displacement of gas back and forth in the meter, this flow effe« 
being due to the elasticity of the gas which was alternately con 
pressed and expanded in the dead-end volume 


J. M. Spitzglass' wrote that prior to the advance of Professor 


Judd’s experimental work on pulsating flow there was an ide 
prevalent that the error in the measurement was due mainly 
the magnifying effect of the differential column, reading the averag 
height and the corresponding square root of this average instea 
of the average of the instantaneous square roots which were t! 
equivalent of the varying flow. 

With the development of the flow meter, his company had soug 
to eliminate this error by making the meter respond electrical 
to the instantaneous instead of the average height of the differenti 
column. This provision was thought to eliminate the part of t! 
error which the authors of the paper designated as the “effect 
the type of manometer used.”” They soon discovered that the 
was a much larger error due to the “harmonic” effect of the pul 
tions in the flow. Still, in all their observations with reciprocati 
flow this error had seldom exceeded 25 per cent under any cir 
Furthermore, this error could be easily eliminated 
moderate restrictions in the form of additional orifice plates 
either side of the differential medium. 

The effect of pulsation, according to Mr. Spitzglass’ understa: 
ing of the investigation, was shown to be rather in the natur 
an additional term than a factor in the algebraic expression of 1 
flow for a given meter. 

R. J. S. Pigott? submitted a written discussion in which he 
that the problem of pulsating flow was largely an acoustic 
All the data went to show that the variability of the condit 
was due to the fact that the acoustic conditions in the pipe diffe 
with every installation, and it was hard to see how pulsating f 
could be stopped in every case until a study was made of the | 
nomena from an acoustic standpoint. 

One of the earliest problems in the opinion of the member 
the Fluid Meters Committee had been that of either provi 
correction for the effect of pulsating flow upon the indicat 
yielded by the flow-meter mechanism, or to so reduce the pu 
tions as to render their effect insignificant. The net result 
search had definitely confirmed the belief that any type of 1 
operating on a difference of head which was proportioned t 
square of velocity would register high on pulsating flow 
other belief, that it was very difficult, if not impessible, to pr 
suitable correction factors for the readings of the meter, wa: 
very largely confirmed. The problem, therefore, was main! 
duced to providing commercially practicable means for suppre=-in¢ 
pulsations to a point where they would not have a marked e 
in the registration of the meter. 

The experimental work so far carried out had indicated t! 
was feasible to accomplish this end by means of a combinati 
throttling with enlargement of volume. 
mental work had not been large enough as yet to definitely « 
lish the amount of throttling and the amount of volume enlarg: 
required for any particular case, and it was probable that the y«ria- 
tions in velocity and size of lines would render an exact solu‘io! 
for any specific case difficult. 

The first report of the Fluid Meters Committee was to 
been produced for the Annual Meeting but the amount of work to 
be done both in editing the report and preparing for printing was 


stances. 


Mem. A.S.M.E 
Mem. A.S.M_.! 


1 Vice-Pres., Republic Flow Meter Co., Chieago, Il. 
2 Mech. Engr., Stevens & Wood, New York, N. Y. 
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oo much to permit publication at that time Phis report would 
er the matter of installation very fully, as well as the theory and 
uracy of the devices employed It was to be hoped that it 
id provide for the designers and users of flow meters a complete 
mary of information available on the subject Hitherto there 

id been no single source from which this information could be 


btained, and it had been seattered through three or four hundred 
lifferent publication 
John L. Hodgson! wrote that in his opinion, the results obtained 


om the elaborate researches ave 


deseribed in the paper might | 
een very much greater had a careful analysis been made before- 
ind of the ways in which pulsating flows caused errors in meters 
which were based upon the measurement of a differential pressure 
'y making such an analysis he had found it possible to reach wider 
nd more general conclusions than the authors and at the expense 
far less experimental work. Some of the most important of 
ese conclusions could be summarized as follows: 
\ pulsating air flow might be considered to consist of 
a A “pressure variation” which was transmitted with the 
ve locity of the fluid in the pipe, plus the velocity of the 
sound in the fluid proper to the particular size and rough- 
ness of pipe used, and the nearness to the source of pulsa- 
tion of the point where the velocity was measured 
) A “velocity variation” during which the whole of the air 
in the pipe was ‘accelerated or retarded. The fluid at a 
point distantefrom the source of pulsation did not, how- 
ever, change its velocity until the impulse, 
with the velocity stated under a, reached it. 
Both these pres 


transmitted 


sure and velocity variations caused errors in the 
r, but in quite different ways 
he error due to the pressure variation occurred when the pres- 
pipes leading to the meter had different coefficients of dis- 
for inflows and outflows, and when the capacity in the meter 
he two sides of the water or mercury column were different. 
is then possible to obtain an actual difference of pressure on 
two sides of the meter by the pressure variation alone and when 
was no velocity variation at all in the pipe 
error due to the pressure variation might easily be brought 
to a very small amount by using pressure connections which 
ju il coefficients of discharge on both directions, and by keep- 
he capacities mn the meter about equal 
re remained the error due to velocity variation, which was 
il source of trouble It could be shown by calculation that 
rtain wave forms this “velocity variation’ might produce 
of several hundred per cent 
error due to this cause could be calculated or determined 
bration for any particular conditions; but as it varied with 
te of flow, and the wave form, and the product of the specific 
e and the absolute pressure of the fluid, and the loss of pres- 
and the capacity of the pipe line, it was best reduced to a 
imount rather than allowed for 
only way to reduce it was to smooth out the wave form of 
This could be 
many Ways, the simplest of which (not mentioned by the 
Was to insert a capacity and a throttling device between 
irce of pulsation and the metering point. If the meter 
ffered sufficient resistance it might form the throttling de- 
it did not, an additional throttling device might be added. 
ipacity should be placed between the source of pulsation 
meter, and the additional throttling device, if any, should 


elocity variation” at the metering point 


De ed on the downstream side of the meter. 
I eir closure the authors, replying to Mr. Packard, wrote that 
the uld readily see that his type of meter would not be greatly 


allecied, if any, by the pressure changes, even though the static 
pressure gage might read higher due to the pulsation. They would 


nelude from their investigation that his meter would be less 
allected by the pulsation because the effect on the velocity head 
seemed to show much less error than that produced in meters de- 
pending on the pressure drop readings 
In regard to the effect produced by the static pulsation, they had 
failed to convey the proper meaning. The change or effect on static 
Pressure produced by the pulsation was much greater than the 


* Egginton House, Bedfordshire, England. 


eltiect produ i l 
d to be propag pre ( e and t 

on any me: l yr ( esp ill I eC ft 
head was | ch gre ( 
velocity diag pl i 
clusion that the re | the ¢ ‘ 
fea dh thi elieve be | 

It seemed apparent that the pulsation (assuming its p1 

i pressure Wave was transmitted in thi pipe by n 
air (either flowing or quiet) as a medium; and that wit 


} 


end meter connection the pulsation surged back and 
pendent ol the 


ment back and forth 


air which itself might also have some slight 1 
This transmission of pulsation in the dead 
end line would seem to be similar in this respect to the surge of pre 


sure in a water line due to water hammer, which was very 1 


greater in magnitude 


compared with the effect due to velo 
The conclusions given in the summary were made with referenc 
to the installation which the authors had tested; also the ref 


ierel! 


1c 
to the throttling effects of a 6-in. mercury pressure drop considered 
their test conditions only, and should be modified much a 


to Mr. Packard’s suggestion. > 


Referring to the relation to piston displacement of the volume ol 


. 


a quieting cylinder, it was probably true that some relation existed 
but it had seemed to them that it would take such an extended in- 
vestigation to establish anything approaching a law, as to rendé 
the solution impracticable 

In the dead-end meter installation, they agreed with Mr. Packard 
that there was an actual forward and back flow of the fluid due to 
the elasticity of the gas; but it was also true, they thought, that 


| 


the pulsation in the form of the compression wave traveled forward 
in undiminished amplitude and returned in more or less diminished 
amplitude, depending on the length, shape, and volume of the dead- 
end connection 

Mr. Spitzglass stated in his discussion that the authors in finding 
the percentage of error due to pulsating flow had compared 
variable quantity, the pressure pulsations, on the basis of anothe: 
and more variable quantity, the velocity pressure of the meter 

The error due to pulsating flow was based on the velocity, or 
quantity of flow, or its proportional equivalent the square root 
the pressure difference through the meter element for pulsationles 
flow. For the four types of meters used the velocity head wa 
equal to or proportional to the drop, or pressure difference, throug! 
the meter element. 


From whatever cause the pulsating flov 
might have been produced it was quite evident that its effect would 
have to be determined from the reading on the meter manomete! 

It appeared to the authors, therefore, that while the pressure 
pulsation seemed to be the greatest factor in the error due to pul- 
sating flow it was the velocity he ad reading that was obse ved o1 
the meter. In their opinion it was the velocity-head readings a 
shown by the meter for both conditions of flow that should be 
compared. In fact, they were at a loss to know of any other way o 
establishing the percentage ol error. 

As pointed out in the paper and as further emphasized by M: 
Pigott, the authors believed that very little could be done to e 
tablish suitable correction factors for meters operating under pulsac- 
ing flow and that the solution of the problem was reached whe 
some suitable means were provided which would reduce the pulsa 
tions to a negligible point. The adaptation of the ‘“‘muffler’’ device 
was apparently the most effective mechanical device for reducing 
the pulsations. However, further study and experimentation wer 
necessary to establish the proper combination of throttling and 
volume space for static pressures and pulsating conditions approach- 
ing those in general practice. 

Mr. Hodgson took exception to certain conclusions in the paper, 
in some cases justly so, and in others due apparently to a wrong 
interpretation. He pointed out the importance of having equal 
spaces in the manometer connections of the meter and in the case 
of the photopulsometer equal spaces above and below the dia- 
phragm. The authors also recognized the importance of this and 
so far as possible all manometer connections were made of equal 
length, although this relation could not be maintained while the 
manometers were in use. 

It was conceivable that the pressure pulsations might be lessened, 


Continued on page 270 








































































































































































































































































































































Some Engineering Aspects of the Design of 
Musical Instruments 


By WILLIAM BRAID WHITE,'! CHICAGO, ILL. 


The object of this paper is to propound and answer two principal ques- 
tions, namely, to what extent may the problems of producing musical 
tone by means of musical instruments be considered as engineering prob- 
lems, and how far engineering principles and practices can be expected 
to work improvements in the efficiency of the most important musical in- 
struments and in the economy and exactness of their manufacture. The 
major portion of the paper is devoted to the consideration of the specific 
problems presented in the manufacture of pianofortes. 


NGINEERING principles and practices are not at present 
inevitable concomitants of the making of musical instru- 
ments. Nevertheless it can be shown that musical-instru- 

ment manufacturing involves in all branches problems familiar to 
the mechanical engineer; and that if the principles of mechanical 
engineering were more generally adopted as the foundation of such 
manufacture, vast improvements would in due course be achieved. 

Most of the present paper is devoted to a consideration of the 
specific problems presented by the manufacture of pianofortes, 
with some passing observations on player-pianos and organs. The 
first-named instruments occupy a position not only the most promi- 
nent in the music industries, but also the most favorable for the 
introduction and application of scientific ideas. Along with them, 
it is true, ought to be placed the various wind instruments of brass 
and wood, but these as yet are more important artistically than 
industrially; while the bowed instruments of the violin family are 
not practical subjects for scientific investigation from the engineer- 
ing standpoint, or at least will not be such until their manufacture 
has reached the level of large-quantity production. Nor need 
there be, for the purposes of this paper, any consideration of the 
comparatively unimportant instruments of percussion and other 
minor contributors to the modern orchestra. 

It is evident that any musical instrument whatsoever depends 
upon the recognition of, and obedience to, those laws of physics 
known as the laws of acoustics. Therefore it can easily be under- 
stood that scientific methods, based upon exact calculation, should 
form the foundation of musical-instrument building. In a word, 
musical-instrument building is one of the mechanical arts. 

The modern pianoforte factory compares favorably with all other 
woodworking plants in respect to the adoption of machinery for 
cutting and finishing lumber and for fabricating it into wooden 
structures. But in regard to the tonal elements in pianoforte 
making, scientific reformation is imperatively needed and the 
present discussion is therefore confined to this phase of the problem. 

The tone-producing elements in the pianoforte consist, first, of 
steel wires which are struck by “hammers” made of wood covered 
with felt. These hammers are swung on centers to which their 
shanks are pinned, and they move against the strings under the 
impulse of the musician’s fingers conveyed through an elaborate 
system of levers, known technically as ‘“‘the action.” There are 
eighty-eight “‘unisons” or “notes,” each consisting of two or three 
wires tuned to the same pitch, and each with its own hammer, its 
own system of levers, and its own finger lever or “‘key.” With the 
rapid development of pianoforte playing since the early part of the 
nineteenth century, the indifferently drawn thin wires previously 
used had soon to be superseded by heavier material. The introduc- 
tion of cast-steel wire, however, caused additional strains, which 
necessitated solider and stronger framework. Thus arose the 
now universal practice of carrying the strings of the pianoforte 
upon a frame or plate of cast iron. Herein lies the central engineer- 
ing question of pianoforte making. 

Another important tone-producing element of the pianoforte 

1 Technical Editor, The Music Trade Review (N. Y.); Associate Editor, 
The Talking Machine World (N. Y.). 
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is the “soundboard.” This is a sheet of spruce wood, built up from 
selected strips of the lumber into a square or wing-shaped table, 


according as it is to be used for a vertical (upright) or horizontal 


(grand) instrument. The strings pass over this resonance table 


and are put in contact with it by means of wooden bridges on whic! 


they rest, and which determine their vibrating lengths. Consider 


ing that spruce is a soft and not very durable wood and that the 


sheet must not generally exceed */s in. in thickness, it is evident 
that a rather heavy duty is placed upon a very slight structure in 
the carrying of the downward pressure of the stretched wires 
In practice the stretched wire is looped at one end over a hitch pin 
and then crosses the wooden bridge which connects it with the 
wooden soundboard. It then is stepped off at another bridge called 
the bearing bridge, from which it passes around the tuning pin 


Basic CONDITIONS OF THE PROBLEM 


Now let the following facts be noted: First, the number of the 
strings or wires is about 230 in the standard pianoforte. The t 
lowest (counting from the bass upward in pitch), which are al 
the longest, run one to a unison. The next twenty-five or 
(differences exist among individual makes) run two, and the 
mainder, three to the unison. The tension exerted by all these wir 
when tuned to the standard pitch is usually not less than 35,00 
or more than 50,000 Ib., variations being due mainly to the 
dividual ideas of various manufacturers as to the advantages 
this or that degree of tension. 

Second, the highest of these unisons (in pitch) utilizes str 
each about two inches in length. At distances of an octave t 
string lengths are multiplied in the ratio 1:1.875, so that the 
crease in length from unison to unison (12 to the octave) is appr: 
mately in the ratio 1:1.054. Thus, in the largest instruments 
so-called concert grands of about nine feet overall length, 
lowest bass string may be 8 ft. long. These length ratios repre 
the best contemporary practice, but are not necessarily binding 

Now a length of 8 ft. for the longest string on a pianoforte ol t 
size does not, of course, represent a correct proportion, since t 
are seven octaves of tones. In fact, at certain points in the ce 
of each style of pianoforte it is necessary to check the progr 
lengthening of the strings, which would otherwise begin to ex 
the length of the instrument, and instead to lay out each succe: 
unison on the plan of increasing the weight of the wire so as to! 
up for the inability to increase the length as much as would ot 
wise be necessary. These overweighted strings are usually k: 
as the “bass strings” or the covered strings, and form a distinct 
tion of the design, though in a tonal sense -:losely related t e 
remaining unisons. 

Third, the limitations of the human hand prescribe a total 
of 48 in. for the keyboard, which is equivalent to the width 2 
white keys. The black keys are interpolated at intervals bet 
and behind the finger plates of the white ones. Hence the « 
layout of the strings, with all the arrangements for their support 
be contained in a structure which, in the largest grand pian 
may be as much as 60 in. wide at the keyboard end, and as mu 3 
9 ft. long. In a small vertical (upright) instrument, the extrem 


width may not be more than 53 in. and the height 48 in. An 
ordinary grand of small domestic size will be perhaps 54 in. wide and 
63 in. long. 

The chief engineering problem in pianoforte design is to prouce 
a supporting structure which will withstand the tension of the strings 
and provide complete stability under any normal condition of t«™- 
perature or atmosphere, so that the strings will not slacken or tig!:'e? 
into an out-of-tune condition, and so that the soundboard sl e 
free to vibrate and to perform its duties as a general amplifier 0! 


the sounds set up by the vibrating strings. 
Fig. 1 shows the string plan, with the bass or covered strings 
crossed over and above the others in order to secure the greatest 
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possible length This is the sort of design which would be adopted 
for a small horizontal piano of apartment or domestic size, and is 
typical of present-day practice. 


TENSION Ficgures CALCULATED 


The seale is divided into four divisions, and the strings in each 


e an approximate total tension as shown in Fig. 1. 
it the scale ha 


Assuming 
been designed so that the average tension per 
ng is 150 |b. in the three treble sections and 160 Ib. in the bass 
tion, and that there are three strings per unison to the three 
le sections, then the tensions will be (proceeding from right 


Upper treble division, 17 unisons, 7,650 lb.; middle treble 


on, IS unl 8,100 | lower treble division, 25 unisons 
250 |b.; which gives for the treble divisions a total tension of 
7 OOO Ib whule for the bass section of 2s unis ns of covered strings 


160 lb. per string, 18 of which are two to the unison and 10 one 


iking i complete total for the 


he unison, we have 7,360 lb., m 
ol 34.360 Ib 

In regard to the problem Ol the upporting structure, the idea 
olid iron casting across which the strings shall be stretched 

| which shail take up their pull without putting any undue strain 

the wooden soundboard, has been generally 


adopted since the 


1 1 
idle of the In general, the iron frames 


nineteenth century 














Fig. 1 SrrinGc PLAN anp IRON FRAME OF A GRAND PIANO 


es,’ as the supporting structures are commonly called, are 
often far too heavy and the iron is frequently not well distributed. 
When they crack, as they sometimes do after the strings are first 
pulled up into tune, the first expedient is usually to thicken the 
broken member. A great deal of time, labor, and expense would ot 
course be saved in these cases if the plate had been from the first 
designed by a competent engineer who could have calculated the 

es and strains and designed the tension, shear, and compression 
members accordingly. The relation of the strings to such a structure 

dentally shown in Fig. 1. 

se iron frames, cast in one piece, fulfil two main objects: 


tl ipport the tension of the strings and limit the tone-emitting 
of these strings at the ends nearest to the tuning pins, while 

ng hitching places for them at the other ends. They thus 

in principle of three parts, namely, a tuning-pin plate, 
Ul which the tuning pins are driven and which is under a 
train; a hitch-pin plate at the other end which contains th« 
pins on which the ends of the strings are fastened; and a series 


ipression members or struts which serve to keep the two 
plates at the proper distance from each other when the strings 
under tension, at the same time preventing the structure from 
buckling. Fig. 1 shows the hitch-pin plate at the top, and the 
tuning-pin plate at the bottom 


DESCRIPTION OF SUPPORTING STRUCTURE 


lig. 2 shows the outline of a supporting structure designed to 
take up the strains described in the case discussed in connection 
With Fig. 1. It will be seen that for the bass section two struts are 
used, one of which has been numbered 2 and 3 and the other one 5. 
In the tenor or lower treble section there is one long diagonal strut 
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marked 1 and 4 and one almost perpendicular marked 6. Struts 
7 and 8 delimit the extreme treble section 
Now in most cases of current practice th struts are Cast in rectang- 


ular section and are always deeper than they ar 


‘ 9 | 
section of No. 3 is usually about 1.75 sq. in. in at Ph 
sectional area of the lower or hitch-pin end of the same stru 
lways less, owing mainly to the need for crossing it « 
tring bridge w necessary cleara! 1.25 ! 
isually employed for the cross-section for No. 2 
| limit { ( end of the Jo ! 
designed at a 1.76 ! ( di 
| r No. 4 
- iN¢ . A Lhe i 1) end T 1) T 
' * . r. 
made with a cr sectional area of 1.25 sq. in na 0, 4 S 
might be put down at an average of 1.25 sq. in. ¢ 
It is evident t modified T- or I-bar cor re ust 
the « -sections could be considerably smaller and the plate a 
good deal lighter t is also plain that there is a torsional movement 
and a bending movement caused by the upward pull of the string 
as it crosses over the bearing bar near the tuning pin and 
pressed downward under the agraffe or pressure bar, by mean 
which it is limited at the tuning-pin end and held tight agai 
lippage when in tune g. 3 shows the nature of this bearing 
zy 
“ / 
/ 
/ 
= / 
™ 
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Ficg.2 Srrut System IN THE IRON FRAME OF A GRAND PIAN 


This torsional strain, and the upward pull as well, make it neces- 
sary of course to stiffen the struts rather more than would be 
necessary if they were to be used sole ly as compression members. 

It should now be clear that the problem of designing the support- 
ing structure of the pianoforte does merit the attention of en- 


gineers. In one sense of the term, the frame or plate may be 


deemed analogous to a truss bridge, with the differences that the 
load does not change rapidly and that the vibrations set up are 
relatively insignificant as regards any effect upon the stability of the 
structure 

The great need is economy of material, of resisting power, and 
of design, to the end that the weight of metal may be reduced, the 
appearance improved, the standing-in-tune qualities maintained, 
and duplications of the original pattern be rendered accurate and 
facile It is probable also that better engineering practice would 
produce marked economies in the cost of production and vastly 
improve the general tonal standard, by securing greater uniformity 
and accuracy in the foundational structure of the instrument 
ACOUSTICAL SIDE oF TONE PRODUCTION 


The design of the iron plate leads to a question of quite equal 
importance, namely, the acoustical design of the tone-producing 
strings. Musical sounds are distinguished one from 
another by their pitch, relative intensity (loudness), and color or 
quality. The latter property, which distinguishes the sounds of 
one instrument from the sounds of the same pitch produced by 
another, exists for each family of instruments in varying degrees. 
Pianofortes differ among themselves greatly in quality. Some 
emit tones which may be described as “rounder,” “fuller,” or more 
“mellow,” or again “brighter,”’ than those of others. The differ- 


elements or 








ences depend upon a variety of conditions, among the most im- 
portant of which are: 
1 Thickness of the wire 
2 Density and molecular structure of the wire 
3 Tension at which the wire is stretched 
4 Nature of the material with which the wire is struck 
5 Point of the string at which contact takes place 
6 Velocity of the hammer which strikes the blow, which is of 
course a function of the finger impulse upon the key. 


3asis OF UntrorM Tone QUALITY 


To secure tone quality as nearly as possible uniform from end to 
nd the designer of a pianoforte should secure substantially uniform 
tension in each string from end to end of the scale, and an accurately 
graduated progression in length and weight of strings from the 
treble to the lowest bass. The practical obstacles in the 
way of the attainment of this ideal are: (1) the limited number of 
ivailable thicknesses of wire, (2) the limits placed upon the available 
engths of pianofortes, (3) the limits beyond which bass strings can- 
not be loaded without destroying their tonal efficiency, (4) the fact 
that musie wire vibrates most readily and efficiently for musical 
purposes at a tension equal to about one-half of its breaking strain 
ind (5) the uneveness of the felt used in making hammers. 

To find the tension 7 in pounds at which a given string must be 


xtreme 


tretched so as to emit a sound of given pitch in vibrations per 
econd the formula T= P?L?M/675,000 may be used, in which 7 
s the tension required, L the length in inches, MJ the weight i1 


P the pitch in vibrations pet 


grains voirdupois per inch, and 
, 
econd 
The design of the bass section is rather more complicated than 
t of the treble because the Jengths cannot be determined at 
pleasure, but are strictly limited by the size of the pianoforte. Ih 
ct, the only rule is to make the bass strings as long as the inst 
ent will allow, and then to calculate the weight each should have 
order to give the required tension. It is better, practically 
eaking, to make the bass tensions a little higher, say 160 lb. per 
ring. With this knowledge, together with the pitch in vibrations 
per second of each unison and the predetermined string length, th 
ight can be calculated from tables which have been worked out 
the American Steel & Wire Co. From these same table ( 
arest combination of core (steel) and covering (steel or copp 


» give that weight of wire may be read off. 
This is the general acoustical problem in regard to the strings 
themselves. The design of the supporting structure, however, ca! 
Uniform 
tension properly graduated length, and carefully calculated weight 
thus essential to the higher 
manufacture 


never be scientific until the string plan is just as scientific. 


px yssibilities of pianof rte 


are 


THE WoopEN FRAMEWORK 


In connection with the foundational structure there is one 
element which has not yet been touched upon, and which, although 
it is a matter of woodworking, nevertheless demands engineering 
attention. The strings are stretched across a soundboard and sup- 
ported by the iron plate; but this plate and this soundboard must 
themselves be supported at their margins. The necessary support 
is given by a framework of wood to which, in the upright, the tuning- 
pin block, the soundboard, and the iron plate are fastened, and to 
which also are attached the sides and key bed of the instrument. In 
the horizontal instrument the curved or wing-shaped case, built up 
of veneers and bent into shape in a continuous rim around a caul 
is braced by a system of beams, on which are laid the soundboard 
and the iron plate. Questions of stress and strain calculation natur- 
ally enter into the design of these. 


ENGINEERING QUALITIES OF THE TOUCH MECHANISM 


The practical engineer, looking at the constructional features of 
the pianoforte, will discover two other elements affording oppor- 
tunities for improvement, namely, the touch mechanism and the 
stringing system. The train of delicate levers which conveys 
to the hammer the slightest or the boldest movement of the finger 
upon the balanced key lever consists of small pieces of wood pivoted 
on german-silver pins centered in bearings bushed with a very thick 
woven special cloth. Contact points are faced with buckskin or 
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Vor 15, No. 4 
felt. There is no lubrication, and yet the total resistance to be 
overcome by the finger never exceeds 2.5 oz. and is usually less than 
this. Probably the action is the last part of the pianoforte which 
need engage the attention of the engineer, since it is the one part 
to which engineering principles have already been successfully 
applied. 

Parallel observations may be made concerning the system of 
stringing. This relates to the methods commonly used to fasten 
the tuning pins so as to enable them to bear the torsion of the strings 
wrapped around them, while allowing the tension to be increased 
or decreased at will for tuning. The common method is to use a slim 
steel pin about 0.3125 in. in diameter, almost uniform in thicknes 
from end to end, furnished with an thread 
turned into a hole drilled in a plank or block made up of cross 
banded maple veneers. The total length of the pin does not exceed 
2.5 in. of which about 1.75 in. is driven into the block. Man 
methods have been suggested and tried, successfully from th 
mechanical point of view, of which the object has always been ti 


extremely fine and 


substitute a mechanical system for the crude wood block and fr 








tionally held pin. But trade prejudice has always prevented the 
adopt on 
PRESENT PosirioN OF MusicaAL PNEUM 
Lhe se a ng last twenty irs oO I I i 
pis ( rely autor lly o | 1 nity 
ainda - a aes” 
+ . Se aes | 
=i 4 a — 
—— a 
et . ) 
ese 
Phe I employ, in all their for the pressure of 
mospherie air against subnormal air pressures induced in cl 
chambers. That is to say, they are vacuum hing 


engineering problems they practically present may be gr 
under three headings, namely, the production of the vacuum po 
the prevention of leakage, and the design of the moving parts 
all these features many improvements are greatly needed 
present piano-player mechanisms are relatively crudely pu 
gether, depending upon glued-up plywood panels, 
connected with metal nipples cemented into wooden boards 
shellac, and other similar devices which are clumsy, bulky, and \ 
hard to standardize. The production of an all-metal action | as 
been attempted, and with some success, but in practice the indu 
wood, rubber hose and rubberized cloth, leat 


rubber t 


prefers to use 
and glue 


PROBLEMS OF THE ORGAN 


The other great and complex musical instrument is of cours* 
organ. In its many shapes, whether designed for ecclesia 
purposes, for the theater or for the home, it represents a 
complication of pipes, chests, electric contacts and cables, elk 
magnets, blowing engines and stop mechanisms. Unfortun: 
however, the opportunities for engineering improvement are 
fined to the following points: 


1 Blowing engine 

2 Construction of the chests on which the pipes are set 
special reference to the possible use of concrete and ! 
in place of wood in order to eliminate the influen 
temperature and atmosphere 

3 Improvement in the electric mechanism which oper 
pallets under the pipes when keys are depressed. >w' 
improvement is mainly needed in order to promote (ura 
bility and reliability 
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1 Intere hangeabuility and standardization of parts. Discussion or Paper BY THomas D. Perry 

se questions of interchangeability and standardization of Che discussion of Mr. Perry’s paper on Lumber Dry K 
ods, parts, and designs are the burning questions in cay me was opened by Kenneth Redman? who wrote that the pape 

trument manutlacture. Che great instruments which have been ferred that the blower or foreced-circulation t' 


d pe of Kiln was sultab 


only for the drying of thin stock, or veneer. <A matt 


he wrote, the fan type of kiln was today 


issedl are highly organized and comprehend an immense variety 
irts and processes. The pianoforte draws its materials from 
foundry, forest, sawmill, varnish factory, the sheep’s back, 
re-drawing mill, from the elephant’s 


meeting with its mo 
‘ marked success in the drying of extremely heav1 
| a} = ¢ r » SA : : , 

tusks and from the sap for it had not been possible to dry in the pip ul kiln without ft 
e caoutchouce tree. 


3 : oe liability of enormous losses in the drying proces An ¢ 
e annual output of pianofortes is probably not to be valued or 


tion of some of the fundamental facts to be onsidered Ir 
isis of wholesale prices at more than $60,000,000 in an ordi loshae wach’ claasty chow wh this was t 1, 
good year The industry needs, and would respond to Mr. Redman heartily agreed with Mr. Perry that , le 
rete ind practi il treatment from the standpoint of ipproved to drv lumber was t ceep the irface pores op dtod 
prnccect moisture out of the v i at the rate that tl ture l 
se from the center t 1 ( In ord f ( f 
Discussion at the Forest Products Session rate of such trat to Ke 


\ {THE Forest Products Session of the Annual Meeting of t ay cel ea ee pelea 





ill La | 
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) ‘ Ir. W ‘ 
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H 
A. « 
vi ! i 
; y j tr j 1) ; 
lot co ng ! Vii " i! re st 
ip | | lu | divided int e] rted 0 { rapid 
( iin each otf these t - led workman did ever reul A la | el rai 
onging properly thereto \s long as such conditions vas ma te e lu 
iid. it would not be po ible to get standardizatio na piles 
geability in the industry If the circulatic ‘ sin gravit rcul 
irray said that in the furniture industry specialization —kjlns. it would start to rise in tl ( east resistance until 
1 in departments devoted to th manufacture of a single ipper part of the compartment had been filled with air of the sar 
niture ih as tables or chairs In such shops the or nearlv the ne tem! ture | n it would gradually steep 
dard classification of lumber was inadequate and there into the spaces between the lumber \s soon as it became coole: 
vaste resulting from piecework in*shops operating on a by reason of having taken on some moisture, it would fall slowh 
basis until it got into a level of equal temperature or less humidity, whet 
te spoke of the changes in the piano industry resulting jt would remain until by gradual change of kiln condition it reached 
and for small grand pianos of the apartment size and the outlets at the bottom as in the case of Mr. Perry’s recommended 
ng pianos. In all important shops, he said, there was — type of kiln. Hot air going up outside th pile and cold air coming 
tandardization and a virtual interchangeability of parts down inside surely would not dry lumber evenh 
er hand, he said, the piano industry was essentially an art High temperatures and high relative humidities would reduce th 
nd the prot ler to be sol ed combined the ideals ol art moisture content ¢ lu iber by Vapol zation of moisture withou 
tion creating any surlace strains, but these two conditions could not be 
vy said that standardization as he was interested in it created evenly through piles of lumber without rapid circulati 
ean a standardization of product nor an attempt to — and rapid circulation ild not be created by anything less than a 
blic taste to a standardized product, but dealt with the blower 
ition of the raw mate rial which would still admit ol the Mr. Per \ 1d mentioned an ac tual ope ration schedul tested Dy 
plicated fabrication. The purpose of such standardization 


n practice of reducing one-inch oak from 35 to 5 per cent moistur 
inate the waste which now existed because of the lack content in 16 days A properly constructed kiln of the bl 


blower type 
could do this same { 


eat in eight days and this difference in dry ing 
ig 
rac A.8.M J 
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time was due to being able to maintain ideal drying conditions all 
the time in all parts of the piles. 

The idea of steaming lumber in the initial drying stages, of course, 
did tend to even up any difference in moisture contents between the 
outside and inside of the lumber, but it had a very much greater 
value in heating the lumber to the kiln temperature. Except under 
conditions of 100 per cent relative humidity, the temperature of 
the lumber was always lower than the kiln temperature in proportion 
to the speed of drying. The employment of high humidities oc- 
easionally during the drying would speed up the drying time, but 
only in rapidly circulating kilns could this be done evenly through 
the piles. Within the ordinary range of kiln temperatures ne 
damage could be done if the humidity was maintained at or near 
100 per cent, but damage might be done when the humidity was 
reduced too rapidly. Again, it became obvious that control of 
humidity was very important, but how could it be accurately con- 
trolled if the circulation was so slow that widely different conditions 
must be created in one part of the pile of lumber before the air in 
another part would move out. In a blower kiln, with a speed of 
fourteen changes of air per minute between layers of lumber, the 
humidity and temperature would not have a greater difference 
than five per cent and five degrees, respectively. 

Mr. Perry’s assumption that blower kilns created too rapid sur- 
face drying was not in accordance with the facts. There might be 
some that did, but there were certainly others that did not, and 
association of rapid circulation with ‘too rapid surface drying” 
was unfair. It must be perfectly obvious that the drying rate 
was determined by temperature and relative humidity and that 
these two, so far as the conditions inside the piles were concerned, 
were controlled by the speed of movement of the conditioned air. 
Therefore, the rate of surface drying was under better control in a 
blower kiln than in a gravity circulating kiln. 

Burritt A. Parks' wrote that he would like very much to have the 
discussion bring out more explicitly the relative advantages of the 
blower type and ventilated type of kilns. Among the advantages 
claimed for the former type were the following: 

1 If the kiln is properly loaded, using end-piled trucks, a more 
uniform circulation of the air was obtained across both surfaces 
of the lumber, resulting in more rapid and uniform drying. 

2 With practically all the air being recirculated, the temperature 
and humidity throughout the kiln were more uniform and more 
readily controlled. 

3 Rapidity of circulation under absolute control, where a steam- 
engine-driven fan was used, making it possible to control kiln 
conditions in accordance with stock to be dried. 

Some of the ventilated and condenser-type kiln advocates claimed 
great advantages for their kilns over the blower type on account of 
no power ‘being required. This had always appealed to him as 
“sales talk” as the exhaust steam from a steam engine, used to 
drive the fan, could be used in the heating coils with a loss of only 
10 to 15 per cent of its heat value in passing through the engine. 

In answer to the discussers advocating the blower type of kiln, 
Mr. Perry said that it was obvious that there was no hope of his 
agreeing with them or of their agreeing with him, but he would like 
to call attention to two fundamentals which Mr. Redman and Mr. 
Cutler had not fully comprehended: First, that the maintenance of 
high humidity in rapidly moving air was exceedingly difficult and 
rarely accomplished, and second, that he knew of no means whereby 
a cubic foot of air would absorb only two or three grains of moisture 
and no more. It was his experience that the air would absorb more 
moisture than was desirable. . 

H. L. Henderson? asked the author what effect the periods of 
steaming and stewing had on the lumber. He also asked if the 
drying schedules put out by various kiln companies were based on 
moisture deficit in relation to the kind of wood being dried or if 
they had been worked out by experiment for a particular type of 
kiln. 

Mr. Perry answered that very few data on the use of moisture- 
deficit curves for drying had been published. He believed this 
to be a wonderful field for the further development of scientific 
methods of drying. The steaming period was one which produced 


1 Byron E. Parks & Son, Grand Rapids, Mich. Mem. A.8.M.E. 
2N. Y. State College of Forestry, Syracuse, N. Y. 
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a complete saturation of the lumber, a complete steaming at tl 
temperature of the room. As the process was completed ther 
occurred another which might be better termed a cooking perio 
which was a preparation for the more active removal of moistu 
during the drying period. 

Anthony &S. Hill’ asked how it was possible 
piece of wood in every pile had been thoroughly steamed until 


to know tl il evel 


center was warmed: 


Mr. Perry 


answered that the variable elements to be cor troll 


in a dry kiln were humidity, circulation, and temperature. Near 
every dry kiln, he said, had means for the control of hum lity 
the admission of water or steam to the atmosphere of the kiln. ( 


culation was, of course, quite clearly related to temperature 


would depend on the difference in temperature inside and out 


the kiln if it were of the accelerated-draft type, so that cireu 

and temperature had to be controlled in relation to each ot 
DP rsonally he was an ardent advocate of steaming lumber He 
ferred to the boiling of a potato as a means of removing water f1 
it as being in a way analogous to this process in the drying 


lumber. 

\. A. Hemlen said that the author had pointed out that sur 
moisture could be removed at almost any reasonable speed 

If it was not known how fast water could be removed from 
without destroying it, however, the surface of the drying prob 
had not been scratched, he affirmed 

Mr. Perry admitted that there was mucl 
which was not known 


ibout lumber dry 
The practical rule-of-thumb measur 

injury to the wood, And it was known that unless a uniformit 
moisture content was preserved, injury would result 

a Cassidy said that in his plant in which the + ery finest wi 
were dried, there were kilns of almost every type, and that 
good operators and careful operation, good results could be obt 
in any one of them. It was a question for engineers to settl 
said, which drying method would bring about the best result 
the shortest time. 

R. B. Wolf? who acted as chairman of the meeting, asked if t 
was a practical method of controlling humidity conditions 
kiln. 

Mr. Hill said that humidity control instruments were avail 
but Mr. Murray pointed out that an automatic control by 
instruments was difficult if not impossible 

In closing the discussion, Mr. Perry spoke of the need of res: 
and development in the field of lumber drying 


Proposed Classification of Oil Engines 


[* A paper on High-Speed Oil Engines, which was read by 

Chaloner before the Institution of Automobile Engin 
London, on February 15, and abstracted in The Engineer of Fel 
23 (p. 202), the author said that while it has been suggested that 
are too many types of oil engines to permit of a simple cla 
tion, nevertheless a detailed study of the many designs bring 
the fact that they are in almost every case a modification of 
fundamental principle or a combination of two or mor 
principles. 

“Otto” has fallen into obscurity, “hot-bulb” requires qu 
tion, “Diesel” is perplexing and inaccurate, “semi-Diesel 
precision, “cold-starting” is misleading, “high-compression 
refer to oil or gasoline engines, “crude oil”? shows misreprest nt 
and “refined oil’’ confesses a deficiency. Yet all the existing 
can be allocated in accordance with definite ranges of pres 
whether compression pressure or maximum pressure is immat 
and methods of fuel injection. When including high-speed « 
the problems of nomenclature are certainly somewhat mor 
plicated, because there is the tendency of the “‘constant-\ 


and “constant-pressure” cycles to merge into each other. Mr 


Chaloner accordingly suggests a system of classification of 


fuel internal-combustion engines under the headings (1) Gas I 
jection, (2) Air Injection, and (3) Mechanical Injection, each “ 


which comprise (a) low-pressure, (b) medium-pressure, and 
high-pressure engines. 


1A. Hill Co., New York, N. Y. Assoc-Mem. A.S.M.E. 
2 R. B. Wolf Co., New York, N. Y. Mem. A.S.M.E. 
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The Airship for Long-Haul Heavy-Traffic Service 


By RALPH H. UPSON,! DETROIT, MICH. 


The factors upon which the value of the airship as a carrier depends 
form the subject of this paper. The airship is compared with other car- 
riers, especially the steamship, and questions of speed, route, cost of trans 
port, and time value are considered. Design and construction methods 
are discussed, as are also the problems of stability, dynamic lift, mooring, 
and fire risk. It is not the intention of the author to treat the subject in 
detail, but rather to indicate the possibilities of the airship for commercial 
traffic and to point out the chief problems toward which the engineer should 
direct his attention. 


MOMPARING airships with other common carriers, the most 
closely related is the steamship, of which the airship is a 
logical namesake. The fundamental difference is simply 

of size and weight—the boat being “‘inflated”’ with air and other 

‘terials, the airship with hydrogen or other light gas. Take 

boat which floats in the water, and enlarge its linear dimensions 

ghly ten times, keeping the total weight the same; it will then float 

But just here is where the 

big problem, that of structural weight, is met. For if in this 

ple a similar design of structure throughout is assumed, it is 
that the airship hull must be made ten times as heavy to re- 
the same strength as its prototype, the boat, without even 
dering the l/r requirements of the compression members. 


e air and may be called an airship. 


At this rate the airship would not even “lift” itself, and this seem- 

damning fact is perfectly true as far as it goes. But for- 

Ul ly its effect may be modified or even reversed by other factors 
may be utilized for cutting down the structural weight. 

the opportunities for lightening the hull structure must be 

idvantage of to achieve a good weight-carrying efficiency. 

st of these is the possibility of arranging the loading of an 

»so that tension stresses predominate in its structure, whereas 

ession stresses must naturally predominate in a steamship. 

perly utilized, this is a great factor in the final result. Ina 

t} il Zeppelin airship, for example, about 35 per cent of the hull 

ire is fabric, and about 12 per cent is high-tensile wire with an 

strength two to three times that of the most efficient com- 

n girders. Recent improvements in the shape and arrange- 

f the hull permit a still higher proportion of tension elements. 

there is a big advantage in the fact that an airship is 

immersed in the elastic fluid in which it floats, which in- 

1 practically uniform buoyancy throughout. The effect 

lified somewhat by vagrant currents, sudden gusts, and 

namic instability (which will be described later), but on the 

in airship in flight is subject to outside forces much less in 

ide and at the same time more positively determinable than 

ffecting a steamship in a heavy sea. 

not only in engineering methods but in materials themselves 

it advances have been and are still to be made. The first 

‘ight ght, heavy-duty gas engine was developed for airship use. 

lurgy the whole development of the remarkable alloys of 

m for structural use owes its inception to the needs of airship 

A whole paper might well be devoted to duralumin, which 
estined to replace much of the steel now used in bridges, 
railroad cars and all other structures where lightness is an 
ible factor. 

‘ greatest basic factor favoring airships still remains in the 
ration of resistance to propulsion. Given a steamship and 
ip of equal gross weight and equal speed, the latter will re- 
{UAT nly about one-tenth the horsepower of the former. Or, 
pressed in other terms, for an equal horsepower the airship will 
r twice as fast; or assuming equal power efficiency for the two 
ypes, the steamship must be of a tonnage roughly 1000 times 
This little-known fact is the airship’s rea] reason for ex- 
tence, for it is utilized not to save power but to gain speed. A 


freats 


Chief engineer, Aircraft Development Corporation. Contributing 
editor ation. 

ce — by the Aeronautic Division and presented at the Annual 
M ! cw York, December 4 to 7, 1922, of Tue AMERICAN Sox IETY OF 
“an HANICAL ENGineerS. Slightly Abridged. All papers are subject to 
Visio: 


speed of 60 m.p.h. for example, which is practically impossible for 
a displacement type of boat, is attained by the average airship wit! 
the greatest ease 
and 100 miles is 

Until a very few years ago this great advantage existed only i 
theory. 


Kighty-three miles per hour has been reache¢ 


simply a matter of design. 
sefore the war the greatest speed was in the neighborhood 
of 40 m.p.h.,.in a “ship” whose structural weight was about two- 
thirds of the total 
real commercial transportation was concerned. Now, however, 
we are taking almost full advantage of the theoretical resistance 
while avoiding almost entirely the disadvantage of extra weight 

In respect to size the airship is affected in much the same way as 
the steamship. 


The airship seemed a dead issue as far as any 


The weights of various parts of an airship structure 
vary all the way up to the fourth power of the linear dimensions 
Hence beyond a certain point there is an actual increase in the struc- 
tural weight per unit displacement. Considerations of power and 
fuel consumption, however, bring the range of economical size far 


beyond that of greatest structural efficiency. This is because the 
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resistance, for equal speeds, varies as not quite the square of the 


linear dimensions 

All the above factors have been taken into account in computing 
the data for Fig. 1, which shows the effect of size alone on freight 
service over routes of different lengths. The curves that are con- 
cave downward show the net cargo weight as a percentage of the 
gross displacement weight, the figures on the curves themselves 
referring to the length of route in statute miles. The other set of 
curves (concave upward) shows the cost of transport in dollars per 
1000 Ib. per 1000 miles for the different routes marked. Not: 
especially the range of sizes marked at the bottom in millions of 
cubic feet. Remember that the largest airship in existence today 
has a capacity of 2,500,000 cu. ft. and see how much further we have 
to go to use even to fair advantage this one item of size. 

But this takes care of only three of the prime factors or variables 
entering into the consideration of a commercial airshipline. Alto- 
gether there are five: namely, size, speed, route, cost of transport, 
and time value. The latter is the value of time, or of saving time, 
per unit of passengers or cargo carried. Taking the simpler case of 
freight (including mail and express), if time has any value it has a 
money value per hour on any unit weight of the cargo carried. This 
may be due to its intrinsic value, to perishability, news value, or 
other qualities. Let us take an assumed example. In a shipment 
of 1000 lb. of California fruit destined for the eastern states, an 
average of 20 per cent spoils during the trip. The remainder com- 
mands a price of 15 cents per pound. Suppose now that a saving of 
40 hr. on the trip cuts the perishability in half and the fruit, being 
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fresher, sells for 5 cents a pound more Here we have a total saving 
of $60 or a time value of $1.50 per 1000 Ib. per hr. 

Taking everything into account on a basis of present values, it 
seems probable that anything having a time value of $1 or more per 
1000 Ib. per hr. ($2 per ton-hour) can be shipped more economically 
by air than by rail, or about half of this figure in the case of shipping 
by water. This is assuming in each case the speed and size of unit 
best suited to the quality of goods carried. 

Fig. 2 shows on a similar basis the comparison between all the 
available means of transportation. Here the speed is taken as net, 
with allowance for average stops, delays, time required to get in and 
out of terminals, and to load and unload. The shaded areas repre- 
sent the respective economic fields to be served by steamship, 
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Fic. 2 TRANSPORTATION DIAGRAM SHOWING Economic RELATIONS 


BETWEEN DIFFERENT CARRIERS 


railroad, and airship, which may be termed primary transportation 
units. The secondary units, motor truck and airplane, are not 
directly comparable with the others because their value lies in 
various special features peculiar to themselves. The airplane, for 
example, can combine high speed with small size and a compara- 
tively short route, conditions which cannot be met by the airship.’ 


DESIGN AND CONSTRUCTION METHODS 


All lighter-than-air construction has developed from the free 
balloon as the basic type. Today there are five other more or less 
recognized types as follows: 

The kite balloon, which is the modern type of captive observa- 
tion balloon 

The “blimp,” a rather vague term usually applied to a small 
non-rigid airship with a single engine 

The non-rigid airship 

The semi-rigid airship 

The rigid airship. 

The last three are only relative terms as all of them have much in 
common. For example, a non-rigid airship is usually stiffened as 
the nose in semi-rigid fashion. -The usual “semi-rigid’’ ship is 
really rigid in principle, but its rigid structural parts are mainly 
concentrated in a keel at the bottom of the envelope instead of 
being partially distributed around it as in the Zeppelin “rigid.” 
Again, it must not be thought that there is any appreciable differ- 
ence in the rigidity of these different types in flight. The nomen- 
clature merely has reference to the method of producing the 
necessary rigidity, the fundamental principles being the same for all. 

Fig. 3 shows the Zeppelin type of construction, which is the only 
one so far used for the largest sizes. This consists of a sort of cage 
into which is put a series of large gas cells, the whole structure being 
covered by an outer fabric envelope. Here the non-rigid principle 
still exists but is confined to relatively small spaces between girders 
The amount and distribution of structural elements is simply a 
matter of design based on the requirements to be fulfilled. 

The design in general divides into two main parts: First, the 
aerodynamic design, in which the relations of speed, power, control- 
lability and all external forces are worked out and correlated; 
second, the static design which takes care of all internal stresses 


1 Aerial Transportation of the Immediate Future, S.A.£. Journal, June, 
1921, p. 593. 





and deformations, and distribution of lift and load. Calculation 
wherever possible are based on known laws and previous experien 
But as an airship is so large and costly, and In so rapid a stat 
development, it is very important to have some way of checki 
calculations, for every new design, by experiments on model 
PROBLEMS YET TO BE SOLVED 


| 


There are many problems connected with the control of airshi 
which are as yet imperfectly solved. Quite contrary to what mi 
be judged from general appearances, an airship in motion is natura 
very unstable. It is not that it is subject to any sudden diving 
loss of balance, for the mere mass of a large ship is enough to previ 
that. Its instability is one of direction, i.e., it tends to keep 
turning (either horizontally or vertically) in any direction in whi 
itstarts. Fig.4showswhy. The air reaction or resistance at z 
angle of course acts along the axis of the hull. But let the wind | 
the model at even a small angle to its axis and a remarka 
change occurs. The reaction is now much larger; its line of acti 


is at a considerable angle to the wind stream, and crosses the a 
far in advance of the hull itself, i.e., the hull is now acted on by 
force which does not even touch it. 

This instability may be made less serious by the mounting 
fixed fin surfaces in the rear, but it is usually impracticable to atts 
complete stability in this way; so that we must still depend t 
large extent on the rudders and elevators. The function of tt 
is then not so much to turn as to keep from turning; in fact, a grad 
turn requires the rudder to be held in just the opposite directior 
prevent turning too sharply, and often to hold a given angle with 
horizontal requires an elevator action opposite to what might 
casually supposed. The development of satisfactory stabil 
means would take considerable strain off the pilot, mak« 
straighter flight path, minimize unpleasant motions, and facilit 
mooring. 

Another feature that may be appreciated by reference to | 
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is the considerable proportion of dynamic lift that may b 
small angles of inclination. A 2,000,000-cu-ft. ship will [it 9 
this way an excess load of 3 tons or more at full power. ‘The lit 
is there—there is no doubt about that—but the problem is 
utilize it. An enormous airship cannot be started by rur 
along the ground like an airplane. It would be as easy to put wheels 
on an ocean steamship and run it on land. But some met)iod 0! 
taking on the extra load and carrying it safely after the airship gets 
under way is at least a possibility and should be caref 
vestigated. 

The way this dynamic lift functions now is generally in a r rsed 
direction. The ship starts up approximately balanced, but change 
in altitude and temperature are sure soon to cause variations in the 
lift which are compensated for by use of the elevators. [hes 
changes are not usually serious for a high-powered ship, but 1! 5 
decidedly otherwise as regards the gradual consumption fuel 
on along trip. This is compensated at first by tilting the ship dow® 











down 
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get a negative dynamic lift, but eventually it becomes excessive 
n for straight flight and far more than is possible to land with. 
there are only two alternatives, either to let out gas or take 
ballast. The latter, where possible, is the safer and cheaper. 
devices for this purpose are being developed at the present 
one is a trailing pump for taking water up from the ocean or 
body of water; the other is an apparatus for condensing tli 
ture out of the engine exhausts. By the latter method more 
er ean be collected than the original weight of the fuel, but the 
densing apparatus so far developed is clumsy, heavy, and not 
lv satisiactory. 


Another idea that has been used with some 


to burn the surplus hydrogen in the engines, thereby get 
vy a reserve of fuel 


This is a valuable recourse for emergencies, 

ardly a substitute for the taking on of ballast, whose principal 
is to prevent using up the gas reserve. 

er problem largely aerodynamic in character is the mooring 

ousing of a large airship. The resistance of a ship sel 


crosswise to the wind is commonly 30 to 40 times 
of the head-on resistance. Hence the main princip 

: to keep the nose headed constantly into Ul 
[n this position it will easily withstand any wind that blow 
mooring mast” as used in England, in which the wind it 


osed to keep the ship in proper alignment, is not enti 


ry In the first place, takes great skill to bring 
\ stable ship up to a mast at all without breaking 
lig hen, even after it is moored fast, the hip will vaw 
iderable angle, putting corresponding strains on tl 
iF ertical plane the wind stays fairly near horizont 
es not, owing to the unavoidable changes in lift 
hermore, the ship is in a very inconvenient position f 
iding, inspection, and repair. But the most per 
rious problem of all those concerned with outsid 
ginay well be that of snow \ heavy snowfall without mu 
\ ld soon pile up a dangerous weight on the huge surfac 


elope and fins. Without other provisions for taking car 
i -ltuation the satest thing to do would he to cast loose 


al outh with the birds! 


iny exposed mooring with the present rather perishabl 
el « fabric may be said to be an extravagence rather than ar 
e v for any regular operation. Nevertheless, with metal 


e and other improvements the author believes that the tin 
Is rv far distant when at 


airship will remain in the open as a 

t course and only be brought into a hangar as a steamship 

s to drydock, 1.e., for general overhauling and special re- 
Fire Risk 


idition to such problems, which range all the way from de- 


tal veneral construction, there is the fire risk, which seems to be 
the considerable danger in airship operation. 

It way be said at the start that the danger from fire is no doubt 
greatly exaggerated by many people mainly due to the accidents 
Wh efellthe R. 38 andthe Roma. For airships there are no data 





we can estimate the risk on a percentage basis, for no 
regu passenger on an airship line has ever been lost, and no 
side from military and experimental ones, has ever burned 
20°4 
15% 
™ 10°4 | 
5 9 
a a 4 ‘Zz oa 
REACTIONS ON A STREAM-LINE HuLt For VARYING ANGLES 
or Pircw AND Yaw 
res refer to inclination of wind stream relative to axis of hull.) 
The Zeppelin passenger ships have carried approxi- 
0,000 passengers a distance of over 3,000,000 passenger- 
i never a fatality or serious injury. Nevertheless, the fire 
‘aliger obviously exists and everything possible must be done to 
CHM it. 
in resent-day airship there are three principal inflammable 
Chemie hydrogen, gasoline, and fabric. All three have possible 
Substitutes, the most available being helium, heavy fuel oil, and 
metal pectively. 
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rial, but it is a mistake to suppose that the fire risk can be eliminated 


by this me ans alone. 


Hydrogen will not explode unless mixed with 
air, but it will burn if ignited by some outside agency at a point 
where it meets the air. For example, suppose a gasoline fire in one 
of the cars spreads to the env lope and ultimate ly reaches the ga 

If the gas is hydrogen it will of course burn as it rushes out, at the 
same time rapidly accelerating the burning of the envelope. Thi 
is What happened to the front half of the #. 38 after it broke in tw 


The use of helium would have been no insurance against the outer 


r 
i 


envelope burning away, and with 


gh of the inner fabri 

liberate All the ga Dut the action would undoubtedly hav 
noug! wer in that i to have i i many live 

lo eliminate the gasoline hazard vell as to provid 
( il fuel I ral p1 " g developments of hi 

il eng now I Chi typ CI ic Ss 1 eC spe i} 

ited to airship \ 1 requires tant running f{ 

riods of time 

lo make the airship structure itself fire-resisting, the most fe 
means seems to lie in a more extended use of duralumin \ | 
metal envelope promises not only protection against fire but g 


improvement in durability and other desirable qualities as wel 


hi etal ship « he Tuture, especially U provided with heavy 
1] } + ; f , ] 
vines, Will be Virtua reproot a iT ommercial servi 
( ( ned It cal ] 1 encdent ' ‘ vf 
is rare, exp ( d t. For military pu 
however, a g | | 
lCSITabpi 
CON = 


up the situation in general, 1t may be said that the 1 


proved airship will be definitely available for commercial traffi 


ver either land or water in rough proportion to the extent to wl 
the following conditions exist 


“ . 
Length of route (should be 500 miles or more 


Density of traffic (at 


least 200 passengers or 50 tons of goods 
per trip 
Time-value of pay load 


passengers time worth 30000 per 


year or more; goods $2 per ton-hour 
Favorable meteorological conditions (no definite minimum 

The New York-Chicago route, which is so favorable in other re- 
spects, is the very worst in the country from a weather standpoint. 
A thorough analysis of this route by the Zeppelin Company shows 
the following results for present means and methods. A nightly 
12-hr. service in both directions can be maintained 100 per cent on 
time for a season of six months. For the full year, however, the 
on-time trips would be cut to about 93 per cent. (An average of 
1 per cent of the trips would probably be postponed or cancelled by 
advance notice, to enable prospective passengers to go by train if 
they so desired.) 

A 60-hr. (average) transatlantic service could be maintained 
practically the year round 

The technical requirements of such a service are fairly clear, 
but the business side of it presents one of the hardest problems 
that have ever come up. In any other kind of transportation met 
have had the privilege of starting out with small units which, under 
favorable conditions, could at least pay their own way. With 
airships, however, it is necessary to choose between the frying pan 
and the fire. Either we must start with a comparatively small unit 
and a certainty of losing money on it or take a chance with large 
units on which we may lose a great deal more before they can be 
made profitable. It is indeed a great temptation to spend the larger 
amount of capital for what may look like good profits from the start. 
But it must be remembered that it is a new enterprise, entirely 
untried in this country; ships of the necessary size and construction 
have never yet been built; the whole system of safe and economical 
operation must be developed; and conjointly, the public must be 
educated to use the service. It is a maze of interreacting factors 
like the stresses in an airship hull itself, but much more indeter- 
minate, and should certainly be as frankly recognized. A single 
ship of the smallest practical size (which is quite large and costly 
enough) to try out a given route will be well worth what it costs if 
it contributes but a small percentage to the 
of the larger enterprise 


“suecess insurance” 































“‘Hydraulic transmission” has been in course of development as a 
variable-speed drive for twenty-five years, and has often been applied to 
gun control, turret control and steering gears on naval vessels during the 
past fifteen years. Its accuracy and flexibility of speed control, mechanical 
efficiency, durability of mechanism, and ability to stand abusive accelerating 
and stalling loads without overheating are well established, yet this type of 
drive has never attained extensive introduction in the industries, where its 
most extensive field seems to lie. 

The author describes and illustrates a number of applications of the 
‘Oilgear’’ to machine-tool driving, broaching, hydraulic presses, etc. This 
device is based on the same principles as earlier hydraulic transmissions, 
but has been developed from the beginning (in 1909) with a view to industrial 
requirements first, and automotive and marine applications afterward. The 
results obtained in practice during the past five years would apparently indi- 
cate that this method opens a field in which great improvements in machine 
tool design may be made. 


HIS paper is a report of progress made in applying “hydraulic 
transmission” variable-speed drive to machine tools and ordi- 
nary manufacturing processes, as distinguished from its 
previous applications to gun control and other naval work. In 
undertaking to develop a type of hydraulic transmission which 
should be commercially available, the designers of the device de- 
scribed later have purposely avoided the obvious field offered by 
the automobile, choosing instead the wide field of machine-shop 
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drives and general manufacturing purposes. In this field the rigid 
requirements of extreme lightness and compactness do not apply, 
while the need of a satisfactory drive which will give any desired 
speed is just as great as in the automobile. 

Every hydraulic transmission comprises a pump, a motor, and 
a liquid circuit connecting them. For the driving of machines in 
machine shops and for general manufacturing we may add the con- 
ditions that the pump shall be a plunger pump, that it shall have a 
sufficient number of plungers to give a practically uniform flow, 
and that the stroke shall be adjustable at the will of the operator. 
Also, the only power-transmitting liquid herein considered is oil. 

The various types of variable-speed hydraulic transmissions all 
employ multi-cylinder plunger pumps, and may be divided according 
to the arrangement of their plunger groups into axial and radial 






























































1 Vice-president, The Oilgear Co. Mem. A.S.M.E. 
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Hydraulic-Transmission Variable-Speed Drive for 
Machine Tools and Manutacturing Processes 


By WALTER FERRIS,! 


machines. Axial machines have cylinders arranged like the chan 


ber of a revolver, parallel to and surrounding the drive shaft. 


R 


dial machines have cylinders arranged like the spokes of a whe 
In all cases there is an oil circuit having high-pressure ports and 
conduit leading from pump to motor, and low-pressure ports a1 


conduit from motor back to pump. In all cases several pump plu 


gers are acting at once in communication with the high-pressu 


port, and several others in communication with the low-pressu 


port. This feature gives a uniform flow of oil. Some m 


*} 
if 


iil 


run with all working parts submerged in oil, and some with ‘er 


case” and an oil sump below the level of the working parts 


I 
have one member carrying a group of evlinders and another 





























plunger stroke variable by the operator. 


DESIGN OF THE OILGEAR 


Motor Pump : ; 2 ‘ 
, ment being shown in the longitudinal section (Tig 
Fic. 1 OmGear Hypravuiic-TRANSMISSION VARIABLE-SPEED Drive, LonerrupinaL Unit containing both pump and motor mount 
SECTION double-ended pintle and the trarsverse section 


through the center of the pump. 

Fig. 3 shows the unit with two handhole covers removed, t 
which all of the plungers in both pump and motor can be wit! 
for examination if required. To remove a plunger it is o1 
essary to slide out a reaction plate A (Fig. 4) which is plai 
ible through the open handhole, after which the roller-beari: 
B is removed and the crosshead with the attached plu 
plungers may then be withdrawn. It will be seen that eac! 
D (Figs. 1, 2, and 4) comprises two complete rings or flanges 
D2, integrally united by seven posts or bars D;. Flange Dy: 
ries hub D; into which the shaft is pressed, and the entire r 
driver D is supported on ball bearings F and F. 

In the case of the pump these ball bearings are carri 
swinging cradle G (Figs. 1 and 2), which can be swung to t! 
or left around a stub or pivot shaft H. This serves to cha 
stroke along an arc of large radius, in place of the rectilin 
used in the other radial machines. Figs. 4 gives details show 





Fig. 2) TRANSVERSE Secrion THorovuGa CENTER OF P 


ber operating the plungers in those cylinders, wit 


plunger and crosshead unit with roller bearing, reaction plate, ' 


their relation to the driver. The thrust of the Oilgear plu 


! 
iit 













The Oilgear machine is of the radial type, its art 
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livered directly against the crosshead C, and thence through 
roller bearing B to a corresponding reaction plate or roller path A 
rried by the driver D. 


There are no wristpins or rubbing bear- 
s of any kind 


The pressure on the plunger is limited only by 
capacity of the roller bearing, which also reduces the friction 
st to zero. The pins (; (Tig. 4 but merely 


pins to hold thie parts together until the assembly 


are not wristpimns, 


retaining 
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6 VaRiABLeE-DELIVERY PortTION oF QC ContrRot Pump 

8 lete. All angular thrusts and side friction on plungers 
" inated. Figs. 1 and 2 also show the hydraulic stroke- 

hanging mechanism K controlled by the pilot-valve stem M. 

This paper is not intended to give a full discussion of the theory 
the Oilgear, which in most points is similar to that of other hy- 
draul transmissions, but it is necessary to describe one special 
lorm 


lore passing on to the applications. Fig. 5 shows a small 
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Oilgear known as the QC control pump, connected to an ordinary 
double-acting cylinder operated thereby. Figs. 6 and 7 show the 
interior construction and working parts of the pump. 
shown contains the pump only, the cylinder in Fig 
motor. 


The casing 
5 acting as the 
This is in effect a hydraulic press, and it will be alluded to 
in that connection in a number of the applications subsequently 


described. 


This control pump comprises the combination of a small variable- 
delivery pump, Fig. 6, with a large constant-delivery pump (the 
gear pump, shown K in Fig. 7, and occupying the lower part of 
the unit) combined with it in the same casing and operated by the 

drive and control The machine also contains a distributing 

| J, Fig. 7 ich 1s ted to the operator’s handle on 
top the case (1 Chis handle m ioved from its cen 
tral or Dp OO) t During it 
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Fic. 7 


Lower Part or QC Contrrot Pump 


60 deg 
ually 


in either 


direction of this travel the effect is to change grad- 
th 


stroke of the variable-delivery pump, Fig. 6, thereby 
pumping more or less oil and moving the piston in the hydraulic 
cylinder shown in Fig. 5 either to the right or left very accurately, 
and faster or slower as the operator desires. 

When the handle, Fig. 5, is turned 90 deg. either to the right or 
left to the extreme position, the distributing valve J, revolving in 
a ported sleeve L, Fig. 7, cuts out the variable-delivery pump from 


the main pipes M and N, Fig. 5, and connects the large gear pump 
K, Fig. 7, 


to these mains, thus driving the piston to the right or 


left with a very much faster movement. This serves to give a 


rapid traverse to a lathe carriage or boring-mill ram which may 
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be operat «cl by this feed: or, in other cases, to the ram of a hydraulic 
press. 

In a preceding paragraph the Oilgear hydraulic transmission was 
described as a combined unit in a case containing both pump and 
Also the Oilgear 
made in a separate casing, for operating detached direct-acting 
pushing cylinders. 
motors, such 


motor control pump has been described, as 


It can also be used to operate detached rotary 
which is 


Note the 


lew and simple working parts, all made by ordinary machine-shop 


as the one shown disassembled in Fig. 
adapted to drive the feed motions of machine tools, ete 


S, 


processes 


MaAcHINE-ToOoL FEED APPLICATIONS 


The principal elements are the QC control pump, shown in Figs 


; 
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Rotary Movror Conrrou.t 


TRANSMISSION 


DISASSEMBLED VIEW OF DreTracHED 
BY OILGEAR HypRauLic 
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require it to turn steadily at 2'/, r.p.m. when pulling a heavy teedu 
cut. This range is more than such a motor will satisfactorily hand 
In addition, the efficiency of the direct-acting cylinder is mu 
greater, and mechanism is saved. 

The application of Oilgear feed has so far been carried out 
on already existing machine tools, but several feed installa 
have been in continuous operation on high produc tion work 
periods of from one to two vears, and in no case has there bee 
slightest wear of the plungers or other working parts 

Fig. 9 shows the application to a special turret machine pro 
vas-engine beds 

HypRAULIC-PRESS APPLICATIONS 

While the above-described control pump was primarily desig 
for a machine-tool feed, its properties have proved highly des 
in? hydraulie-press work. Such a press, of 25 tons capacit 
shown in Fig. 10. It may be driven from any constant-sp 
<ource of power, such as lineshaft or constant-speed motor R 














Fic. 10 Hypravutic Press OPERATED BY OILGEA 


traverse of the ram is furnished, at a sp 
min. downward and 60 in. per min. upward. While 
any speed of the ram up to about 7 in. per min. is a 





q 


F iG 


SpeciaL TurrReT Macuine Equiprep with Hyprauir 


5 to 7, inclusive, connected to a feeding motor for driving a machine- 
tool carriage or ram, either a direct-acting pushing cylinder as shown 
in Fig. 5 or a rotary motor as shown in Fig. 8. 

In either case the motor is located with reference to the feed 
mechanism to be driven. The direct-acting feeding cylinder is 
always to be preferred when it can be used, because of its well-nigh 
perfect steadiness of operation and the great range of feeding and 
rapid traverse speeds which can be satisfactorily obtained. For 
instance, a 4-in. piston may be driven by the variable-stroke pump 
of Fig. 6 at feeds of */s in. per min. or less, while the rapid-traverse 
pump (K, Fig. 7) will move the piston at 14 or 15 ft. per min. 

a speed ratio of about 450 to 1. 

Assuming that a rotary feeding motor can be driven at 1000 

r.p.m. for rapid traverse movements, the same speed ratio would 


FEED 


and the control is so delicate that when the ram is 
stalled against a shoulder the pressure gage can be ma 
at any desired point. Many other presses driven by 
pumps and having similar operating characteristics are in u 
Broaching. An important application of the direct-acting 
der is the ordinary broaching process. A_ horizontal 
broaching machine shown in the complete paper is driven by 
hp. Oilgear pump. The pulling cylinder is 6 in. in bore 
double-acting. The piston rod is attached directly to th 
head which pulls the broach. The reversing tappets are ‘ 
by the sliding crosshead at either end of its stroke as in a plat 
are connected to the pilot valve of the hydraulic reverse gea 
Oilgear pump. The connection to the pilot valve is from a 
rockshaft whose angle of swing is limited by two adjusting 
thus controlling the stroke of the pump separately during th: 
and return strokes of the broaching machine and permitting 
sired speed up to a maximum of 360 in. (30 ft.) per min. 
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In the ordinary method of pulling the broaches by screws th 
, and the hydraulic broaching 


‘fore gives a great increase of out put, probably averag- 


ial speed is less than 5 ft. per min 
ichine ther 
100 per ¢ 


nt The comparison between the screw and the hy 


iulic broaching methods may be approximately given by t! 

itement that on the average one hydraulic machine and operator 
ll replace two screw machines and two operators and require about 
e same amount of power. 

Vertical Push-Broaching Presses. The vertical semi-automatic 
wnufacturing press is a further illustration of the adaptability of 
draulic drive to produce machine tools exactly adapted for the 
rk in hand. This press is equipped with an automatic stroke 


1 hy 


trol gear and is driven by variable-stroke pump 
wn asthe Type W. The length of stroke, and hence the speed of 
ram, is set by the location of the adjustable tappets. The 


LoD hip Oilgear 


il working cycle consists of a downward rapid-traverse stroke 
followed by 4 
king stroke at a different speed through any additional distance, 


any ce sired speed through any desired cist mice 


iatically reversing and returning to the top position at the com- 
tion of the stroke. 
is short a stroke as will be sufficient for the work in hand, and 


The ram may be set either for full stroke or 
stroke may be taken near the upper position of the ram or at 
If the entire do 

ke is a working stroke, the rapid approach stroke may be omit- 
| the entire stroke 
‘fl “aight ning Pre Sses 


ri 

other point within its total range. lownward 
being set at the required working speed 
Equipped in this way this press is avail 
\ hen 
red the press may be operated by the QC control pump shown 


When so 


Fig. 5 and used as a sensitive straightening press 


for various vertical broaching and forcing operations 


t lipped, the operator can move the ram by thousandths of an ine} 


lesired, and apply pressure accurately by the pressure gage 
Hydraulic Riveting. A third and even more striking application 
ich a press is its use as a hydraulic riveter. In this case it is 
lipped with a pump known as the Type WE, which differs from 
Type W only in the method of controlling the stroke. The 
e WE pump, is so arranged as to always pump a maximum 
tity of oil when the pressure is below a certain point, say, 900 
per sq. in. As 
its rate of delivery until at a predetermined maximum of 
1000 Ib. per sq. 
mall quantity required to maintain the maximum pressure it 

the delivery pipe. 

en this kind of a control is used the pump is connected to the 
lve. The operator handl 
: or riveter by operating the piston valve and t 
‘actly like an accumulator, except that the oil pump only de 
sufficient pressure at any instant to overcome the actual re 


I 
When the ram is stalled against a rivet or othe 


the pressure rises the pump automatically re- 


in. the delivery ceases altogether except for 


through a four-way piston va 


ne purnmp tune 


: e of the ram 
top the power consumption ceases and the pump runs idl 

t with sufficient delivery to maintain the pressure 
i plant in effect is a portable accumulator plant operating 
verall effici ney ol S5 pel cent or more, and adapted to be 


rey 
Olli 


anv convenient source of power suc h as a line shaft or 
lectrie motor. It requires but from one-eighth to one- 
‘ powe r needed to operate an alr riveter and its use wil 


Vv avoid in reasing air-compressor capacity 


Rotary Macuine-Toou Drive 
most obvious field in the machine shop for the variable 
5} ydraulic transmission is in the main drives of the machine 
On the other hand, it is the most difficult part of 
d to develop, because of the required changes in designs 
tterns, but still more because of the high state of development 
attained by the direct-current electric motor on variable-speed 
Wi Nevertheless, the hydraulic variable-speed drive has several 
important advantages even over the best electric variable-speed 
dri including the outstanding advantages of offering a means 
ol obtaining a perfect speed variation from an alternating-current 
rte These may be stated as follows: 
More perfect control of speed 
No coasting when the power is shut off 
No peak loads drawn from the line, and no heating of the 
hydraulic drive 
Low maintenance and minimum of attention required. 


emselves. 





oper ited chug k 


In equipping thi erage machu tool wit draulic di 
some saving will be obtained from thi 
gear changes, etc., now required, and a further 

iat all the i ertain ki id ind Z 

) itter y] 1 sf ree of power u ed dy | | 

lathe headstock pped drauli irive ld 
receiving pulley « ift to be driven at, say, 600 S00 
[t might be driven either from a lineshaft, from an g 

irrent motor lit irre! tor, Oo p y 
If l I i thy second-] and 

jually le lation anywhe 

Che me il | lva iges nyarau ed 
been touched It troducti t u 
be somewhat modified if it is carried out in connect 

hydraulic drive for the same tools. In any case th 
hydraulic method on any machine tool opens the way 

vdr iulically opel etion clutches to erect geal cl g 
ilso for the repla f the ordinary air chuck by hydrauli 


This has already been done experimentally ar 
The hydraulic chuck has advantag 
msuming much less power, having 


lency to dry out the cup leathers and thus fail to operate, a1 
} 
i 


oving only sufficiently to release and grip the work instead of mal 

g the entire stroke whenever operated 

All of the applications described in the preceding paragray 

e been actual made ind most of them have been in us¢ 

ifficient length of time to prove that they are successful pract 
cally. Many important fields are not yet touched, although tl 
properties of the Oilgear mechanism seem perfectly adapted 
their requirements. Among these are planer drive and other recipr 

iting movement ranes and hoists, and elevators 


Discussion 


N OPENING the discussion, J. J. Crain! said that the cone 
with which he was connected had been manufacturing hvdra 


lic transmissions of the same general nature as the one describe« 
by the author for about 15 vears, and had built about 2000 of the 
United States Navy. vi re they were 


ised for turning turrets, elevating guns, hoisting ammunition, et 


All of the present capital ships used this device exclusively 
these purpose The author was verv modest in his claims of t] 
performance of this tvpe of apparatu Before hydraulic trar 


missions were used in the Na Vy, most oO the high-g1 ide contro 


ted by the Ward-Leonard system and while this gave 
fine control, it was not comparable to what could be obtained { 
, 

i iT l trok T iT) 

His company’s associates I ngland had built about 

umber of machines, but had gone more exclusively int 

reial work Che real problem in wide commercial applicati 
Vas the nmnancial oO! It was an expensive machine It |} vd 


ind of high-grade material, and t 


in to pay tor it it was necessary to show 


him that it would produ 


innual savings which would warrant the investment 
Che author seemed to attacked the most difficult part 
the problem first, and with no little success. The control give 
was without questio! practically pertect and there was practical 
discussion on that point; rather, it was what price could the m 


] 


who used it afford to pay? 
The noise 
limitations to the size that could be employed. 


increased with the larger units, that being one of th 


Mr. Crain said that he had not found very much difference in 
efficiency between the large units and the small units, the efficienc) 
lying between 82 and 85 per cent at full speed and full power. 

Charles M. Manly,’ referring to an efficiency curve given i 
the complete paper, said that it was a curve of effi lency at con- 
stant torque and not at constant horsepower. In tests which he 
had made and presented to the Society® in 1911, the efficiency at 
constant horsepower had been shown to be greater than the effi- 


(Continued on page 245 
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? Manly & Veal, Consulting Engineers, New York City. Mem.A.S.M.I 

3 Variable-Speed Power Transmission, George H. Barrus andC. M. Manly, 
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Satety Engineering in the Compression of Gases 


By A. D. RISTEEN,'!' HARTFORD, CONN. 


The purpose of this paper is to outline a few of the chief hazards that are 
associated with the compression of some of the gases in common use in 
industry. Among the gases considered are air, oxygen, nitrogen, argon, 
carbon dioxide, hydrogen, acetylene, ammonia, and chlorine. The pre- 
ptration, utilization, storage, or transportation of the gases, except when 
some of these items may happen to have an important bearing upon the 
actual operation of compression, are not discussed. As to the mechanical 
strength of the apparatus that is used to effect the compression, the paper 
deals only with the things that are likely to happen even when the apparatus 
itself is strong enough to withstand the stresses that are thrown upon it 
in the course of its normal operation. 


OMPRESSED air, the first of the gases to be considered, is 
used for many different purposes and at many different pres- 
sures, but so far as safety is concerned it is sufficient to dis- 

tinguish two main problems. First, we have to deal with cases in 
which the ultimate pressure desired does not exceed, say, 200 lb. 
per sq. in.; and second, the special case in which the compression 
must be pushed to perhaps 3000 Ib. per sq. in. for the production 
of liquid air. 

When the ultimate pressure is not greater than 75 lb., the com- 
pression is usually effected in a single operation; but it would seem 
better to adopt two-stage compression for pressures approaching 
or exceeding this limit. Three stages, at least, should be used for 
pressures in the neighborhood of 1000 Ib., and to push the pressure 
from this point up to 3000 Ib. a fourth stage or operation should 
be employed. It is advisable to use long-stroke compressors, with 
low piston speed, not only to avoid unnecessarily high temperatures, 
but also because less lubrication is needed. 

Every now and then there is an explosion in connection with an 
air compressor, and the results are sometimes quite serious. Most 
of these explosions are probably associated more or less directly 
with the lubrication of the compressor cylinders, and with inefficient 
cooling of the air that is undergoing compression. In an ordinary 
compressor the temperature of the air rises considerably during the 
compression stroke, and it is of the utmost importance to keep 
this rise of temperature within reasonable bounds. A good deal can 
be accomplished in this direction by surrounding the cylinders with 
effective water jackets. The cooling water in these jackets should 
circulate actively and copiously, and thermometers should be pro- 
vided to show the temperature at which the water is entering and 
leaving. To guard against stoppage of the flow of cooling water 
from any cause, it is also important to provide some positive means 
for showing that the circulation is free and plentiful at all times. 
It is advisable, for example, to have the discharge from each jacket 
located where it is plainly visible to the men working about the 
room. 

It is not sufficient, however, to provide the compressor cylinders 
with water jackets. The air should be passed through a special 
cooler immediately after leaving the compressor and its tempera- 
ture brought down near that of the surrounding atmosphere as 
quickly as practicable. Moreover, if the compression is effected 
in two or more stages, an intercooler between each stage 
and the next one should be provided, so that every cylinder will 
be supplied with air at a moderate and reasonable initial tempera- 
ture. The use of efficient cooling devices tends not only to insure 
safety but also to lessen the cost of compression, because cooling 
reduces the pressure as well as the temperature. 

In compressing air to moderate pressures tiie cylinders are 
lubricated with oil. Oil may also be used in the first stages of 
high-compression apparatus, though water is preferable for the 
final stages. The composition and physical characteristics of the 
oil should be carefully considered. 

1 Director of Technical Research and Safety Publication Work, Travelers 
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As a general rule, too much oil is used in lubricating the cylinders 
of air compressors. It takes considerable experience to determine 
just the right amount, and what is right with one machine or one 
grade of oil may not be right with another. In a general way, 
however, it is safe to say that the lubrication is ample if the cylinder 
walls are always coated with a slight film of oil. It is often assumed 
that the explosions that sometimes occur in connection with air 
compressors are due to the ignition of oil vapor or of oily mist. It 
would be hard to justify this theory. Whenever a compressor cylin 
der discharges the air that it contains, the oily vapor or spray that 
is present is discharged at the same time, and it is hard to see how 
a quantity sufficient to produce a serious explosion could accumulat: 
Moreover there are comparatively few explosions in which the initia 
break is in the compressor cylinder. More commonly the fir 
rupture occurs in the discharge pipe or the receiver, and troubl 
at these points can be minimized, and perhaps entirely avoided 
by l quick and efficient cooling of the air, (2) thorough drainag 
of the oil that tends to collect in the piping and receiver, and 
careful attention to the discharge valves on the compression a] 
paratus. Considerable quantities of oil are likely to accumulat 
in the discharge pipe and the receiver, and if either of these burst 
a large amount of hot oily spray is likely to be discharged into t! 
air, and this may take fire either spontaneously or from some ey 
ternal source, with a bad oil-vapor explosion as the result. Suita! 
traps and drains must be provided to prevent the accumulation 
the oil, and in this way the oil hazard can be largely or wholly 1 
moved. 

If the exhaust valves of the compression apparatus are leal 
then upon the return stroke more or less of the compressed and 
heated air will find its way back into the cylinder, so that 
temperature of the air in the cylinder upon the next compress 
stroke will reach a much higher point than the designer of t 
apparatus intended. Carbonaceous deposits, produced by 
carbonization of the lubricating oil, often collect in considera 
quantity in and around the exhaust valves, and these may someti! 
take fire, or they may prevent the valves from closing tight 
Exhaust valves should be carefully watched for such deposits, and 
should be kept as clean and tight as possible. 


OXYGEN 

Oxygen is compressed and shipped in vast quantities and 1s 
used in the greatest imaginable variety of ways. Before subject 
it to compression it is essential to know that the oxygen is pure, 
and especially to know that it is not contaminated with any other 
substance with which it could combine, either during compression 
or in the course of subsequent handling. For example, if it is | 
pared by the fractional distillation of liquid air, it is important 
to know that the air that was subjected to liquefaction was 


from smoke particles, from organic dust of any kind, and from 
coal gas, acetylene, and every other substance of an oxidizatle 
nature. If the oxygen was produced by the electrolysis of water, 
it is equally essential to know that it is not contaminated by 
hydrogen. It is easy enough to insure purity in all these respects, 
but the importance of not neglecting the necessary testing, and the 
purification operations when these prove to be needed, cannot be 


over emphasized. 
In handling compressed oxygen it is supremely important to pre 


vent the gas from coming in contact with oil or grease either during 
the compression or while the oxygen is being stored, transp L, 
or utilized; and in view of the fact that many exceedingly 13 
accidents have occurred in consequence of neglecting this prin 

the author wishes to emphasize the hazard just as strongly) le 


ean. When a man talks with appropriate earnestness about (le 
danger of allowing compressed oxygen to come in contact wit 
grease, or other combustible organic materials, it is easy | 


uninitiated to believe that he is inspired by unreasonable timu(ity, 
but this is not the case. Those who have followed the history 0! 
oxygen compression are well aware that many accidents ‘ve 
oceurred under conditions that thoughtful and experienced men 
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would not have considered to be at all likely to produce trouble. 
The use of even a slight trace of oil in the compressor is exceedingly 
hazardous, not only on account of the danger of immediate com- 
ustion, but also because some part of the oil is bound to go over 
th the compresst d gas; this will collect in the tanks or cylinders 
ed for storage purposes, and sooner or later serious results will 
rely follow. It is probably safe to say that most of the accidents 
it have occurred in connection with compressed oxygen have 
en due to lack of appreciation of the importance of this thing. 
trouble is not confined, of course, to the mere combustion of 
oil itself. The metal parts of the apparatus will burn freely 
m as they become sufficiently heated by the ignition of the 

or grease, and the consequences may transcend imagination 
The only absolutely safe thing to use for the lubrication of an 
r cylinder is pure water, which should be intro- 
Under 


ial conditions it may happen that pure water is not sufficient, 


en-COMPpress¢ 


d into the suction pipe in the form of a visible spray. 


in a case of this kind it may be perm ible to dissolve a little 
In it buts 


ap should not be used when water will suffice, and 
} 


uld never be used without first proving, by actual analysis 


he particular Su] ply to by dissolved contains no uncoml in d 
The packings used on the com- 


insaponified) oil or grea g 
r must also be entirely free from oil, grease, or graphite 
Packings made for this express purpose should always be employed 
e compression of oxygen is often, and perhaps usually, carried 
about 2000 Ib. per sq. in., and it should be effected in not less 
three stages. In speaking of the compression of air, the im- 
nee of prompt and effective cooling has been emphasized, 
much greater attention should be paid to this point whe 


pressing Oxvge! 


‘The pump cylinders should be water-jacketed 
and the 
designed that cessation or diminution 


rculation of water should be positive and abundant, 


ratus should be so 


flow of jac ket water cannot es ape immediate notice The 
g hould also be passed through effective intercoolers between 
f compression stage and the one next following; and immediately 


leaving the last cylinder of the compressor 1t must be passed 
ch a final cooler, and brought down to the temperature of the 
inding atmosphere 
exceedingly unwise to introduce oxygen into receivers of any 
k unless these receivers are known to be perfectly clean inte rnally 
y holly free from oil, grease, and other combustible substances. 
1 uthor would like to see some kind of a regulation established 
iding every oxygen manufacturer to fill any tanks other than 
n. This principle is already followed, it is believed, by some 
al erhaps all of the larger manufacturers, but unfortunately it 


is not followed by everybody. Moreover, oxygen should never 
be compressed into containers that have been used for other gases. 
\ a cylinder or tank has been previously used for holding com- 
pressed gases other than oxygen, there is likely to be an accumula- 
t oil upon its inner surface, because oil may have been used 
for nder lubrication in connection with the compression of these 


ises, and it is hard to remove such oil thoroughly enough to 
n e tank safe for oxygen. 


NITROGEN 


gen gas has a far narrower range of application in the 
nh Oxygen, yet it Is compre ssed and shipped to a certain 
This gas was used during the war in the recoil cylinders 
of n types of guns, and it has also been used to a limited 
lor blanketing combustible liquids and for supplying a 


h¢ atmosphere for other purposes, where the presence of a 
kas With active chemical properties would be objectionable. At 
t} 


ent time compressed nitrogen is supplied mainly, it is 

bel |, for filling incandescent electric lamps, and in connection 
manufacture of automobile tires. 

Nitrogen forms four-fifths of the bulk of the atmosphere, and 


4S It is nearly inert in its elemental form the precautions that are 


recommended in connection with the compression of air are also 
adequate when compressing nitrogen. It should be noted, however, 
that th nitrogen that is used for filling electric-lamp bulbs must 
be free from hydrocarbons, and this means that when the gas is 


‘o be employed for this purpose it is not permissible to use oil for 


lubric ting the compressor cylinders. Water should be used 
instead. For certain reasons, in fact, it is best to avoid oil altogether 
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and to lubricate with water in all cases This d Ss not mean 
however, that there is any danger of direct chemical action between 
the oil and the nitrogen 

Nitrogen is usually compressed to about 2000 Ib. per sq. in., and 


the compression should be performed in three stages 


Arc IN 


Argon, like helium and neon. has no chemical properti what 
soever It forms 1 compounds and is absolutely inert und 


all circumstances Hence it cannot produce fires o1 explosio 


Moreover. it is no npomwsonous It is obtained iron iquid 
however, and when first separated from the air it is mingled 
a large proportion of oxygen—the mixture usually contai 


about 65 per cent of ox) gen and 35 of argon W he it is handtled 
in this state it must therefore be treated like oxyger but after 
it has been freed from the admixed oxygen it may be compre 
under the same conditions nitrogen. For shipment it is usuall 
compressed to a pressure of 1800 or 2000 lb. per sq. in., in thre 
stage 
( BON DIoxip! 

rhis gas is compre | in large quantities and is used for 
most varied purposes As is well known, it will neither burt 
support combustion, and the author does not recall any chemical 
dangers which are likely to be encountered in its compression. | 
is not especially nous, but when a derable quantity 
is mixed with the air that workme! o breathe, it re 
the life-giving oxvg a corresponding extent, and tl nat 
that the air is not fit for respiration. The effects of carbon dioxid 
in this way ar imes very insidious, especially as the pure 


ras is Without odor or color; and it is therefore evident that special 


care should be taken to provide free and copious ventilation 


all times in buildings in which carbon dioxide may escape, b) 


leakage or otherwis 


HYDROGEN 


In connection with hydrogen and most of the other combustibl 
propane), the chief danger associated with com- 
pression prol 


in case of leakage or of contamination with oxvgen 


ably consists in the likelihood of fire or explosion 
If the hydro- 
gen is prepared by the electrolysis of water, there is always a possi- 
bility that oxygen may be present in it in small amounts, and the 
gas should be carefully tested, either at short intervals or preferably 
by some continuous process, to make sure that the oxygen content 
is always well below 5 per cent. Small amounts of oxygen cat 
be removed by passing the gas over palladium pumice, whicl 
causes the oxygen to combine in a quiet way with an equivalent 
quantity of hydrogen 
The danger of admixture with air or oxygen is not in any way 
restricted to hydrogen prepared by the electrolytic process. Ai 
may leak into the suction pipe leading to the compressor, whatever 
the source of the hydrogen; and this, in fact, is one of the hazards 
carefully in handling this gas. The 
suction line may be fitted with test cocks or drainage valves, an 


that must be watched most 


when this is the case it is exceedingly important to keep ther 
closed except when they are opened for legitimate purposes al d 
at proper times It is believed, moreover, that all such coeks and 
valves should be k pt locked, and that the keys should be in the 


f some designated, responsible man. To guard further 


against trouble from this source and from accidental leakage, the 


keeping « 


whole operation should be conducted so that there will be a positive 
pressure in the suction line at all times. Care should also be taken 
that the gasometer does not stick and that its seams are kept ab- 
solutely tight. 

It is important to consider the possibility of leakage outward a 
well as inward. Hydrogen is usually compressed to a pressure of 
1800 or 2000 lb. per sq. in., and at high pressures a good deal of 
gas will escape through a small hole in a short time. If hydrogen 
gets out into the room and is allowed to collect there, a serious ex- 
plosion is likely to result. very discoverable source of ignition 
should be carefully considered and safeguarded. 
ures should be taken to prevent the men from smoking or using 
The artificial lighting 
provided by incandescent electric lamps enclosed in 


Rigorous meas- 


matches or other sources of open flame. 
should be 
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vapor-proof globes, and it is safest to mount these lamps outside 
of the windows, locating them so that they shine through the window 
glass into the interior. All electric wires should be run in closed 
conduits, and the fuses should invariably be outside of the region 
of possible danger. This applies also to switches, unless they are 
of a type which cannot produce an are or flame. No electric motors 
should be used in rooms where hydrogen, propane, or any other 
combustible gas may escape in quantity, unless these motors are 
specially designed for this particular application, or else thoroughly 
entilated by fresh, pure air from the outside of the building. And 
these various precautions should be observed not only where the 
ivdrogen is compressed, but also wherever it is stored—either in 
gasometers or in cylinders. Finally, it is exceedingly important 
to provide abundant ventilation at all times to lessen the chance of 
fire or explosion in case the other precautions prove inadequate. 

Left-handed threads are extensively used for fittings that are 

be employed in connection with hydrogen, the purpose being to 

revent the accidental connection of hydrogen lines or cylinders 
with pipe lines conveying other gases, and especially with those 
containing air or oxygen. It is to be regretted that in many plants 
the purpose of the left-handed thread is deliberately defeated by 
making use of devices known as “adapters.”” These are in effect 
right-and-left couplings, which are provided for the express purpose 
f making it possible to attach a cylinder with a left-handed thread 

} a pipe line having a right-handed thread. 

ACETYLENE 

No person should ever undertake to compress acetylene unless 
he fully understands the properties of the gas and knows exactly 
what it is permissible to do and what he must carefully avoid doing. 
This is not meant to imply that the compression of acetylene is 
a dangerous operation when it is performed under the direction 
of a properly qualified man, but is intended as a special note of 
warning to those who are tempted to compress the gas without 
first understanding its properties. Acetylene is an endothermic 
compound, and this formidable word has frightened a great many 
persons who do not understand its exact significance. It merely 
means that heat is absorbed (instead of emitted) when acetylene 
is formed from its constituent elements. Now it is well known 
that substances of this kind are likely to be more or less unstable 
under certain conditions, and acetylene is no exception to the rule; 
but the conditions under which the instability exists are well known, 
and it is only the man who does not understand them, or who is 
pleased to ignore them, who gets into trouble. 

In compressing acetylene it is important to keep the temperature 
of the gas as low as practicable at all times. Expressed in more 
definite language, this means that the compression must be effected 
by a pump moving with a very low piston speed, and that it must 
be performed in not less than three stages. It also means that the 
pump cylinders should be kept as cool as practicable by a plentiful 
supply of water drawn from the coolest available source. The 
author cannot state any definite temperature at which the gas 
may become instable during the act of compression, and in fact it 
is doubted if anyone knows what that temperature might be. The 
only thing that we can say is, that if the operation is conducted as 
here described, there is apparently no danger from instability. It 
certainly is not safe, however, to store acetylene in otherwise empty 
cylinders, at the pressure at which the compressor pumps deliver 
it. There appears to be a time element involved here, and it is 
probable that a certain amount of polymerization gradually occurs 
in strongly compressed acetylene (except when it is stored in special 
receptacles containing suitable porous material charged with liquid 
acetone), so that in the course of time small quantities of other 
more sensitive substances are formed, which serve to lessen the 
stability. At all events, we know that acetylene should not be 
stored in an otherwise empty tank at a pressure of more than 
15 lb. per sq. in. greater than the normal pressure of the atmosphere, 
and yet we know that explosions in the compression pumps, and 
in the delivery pipes leading from them, are exceedingly rare if the 
compression is effected as here described. In fact, the author 
knows of only one case of the sort, and this was precipitated by the 
breakage of a steel valve spring, which quite possibly struck a spark 
and thereby caused the development of a high temperature within 
the tiny space filled by the spark itself. 
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Oil may be used for lubricating the cylinders of acetylene-com- 
pressing pumps, but it should afterward be removed by passing the 
compressed gas through suitable separators as it leaves the com- 
pressor. And immediately upon leaving the oil separator the 
acetylene should be passed into the storage cylinders, which, as 
previously stated, must be filled with a special porous, solid material 
thoroughly impregnated by liquid acetone, which dissolves the 
acetylene and holds it safely in solution. 

It should not be necessary to issue a warning against mixing 
other gases with acetylene in the storage tanks, or using acetylene 
storage cylinders for any purpose whatsoever, except for holding 
pure, unmixed acetylene (in addition to the safety filling). 


ErHyt CHLORIDE, MetHYL CHLORIDE, AND PROPANE 


These gases are used to some extent as refrigerating agents, but 
it does not appear desirable to discuss their compression in an 
detail. They are all 
with due regard to the 


handle 
Propat 
like butane) does not require lubrication in the compressor cylinder 
itself affords sufficient lubrication. It 

necessary, however, to lubricate the stuffing box of the compressor 
There has been some difficulty in connection with the lubricati: 
of cylinders in which the chlorides of ethyl and methyl are cor 
pressed. 


inflammable, and hence must be 


possibility of fire and explosion. 


because the substance 


Castor oil has been used, but it is not verv satisfactor 
Glycerine is said to be much better, though still far from ide 
It is said that a new lubricant, consisting of ethylene and propyler 
glycol mixed with deflocculated graphite, and specially adapt 
to ethyl and methyl chlorides, and to propane, is now availabk 

In handling these and all other inflammable gases the vari 
special precautions mentioned in connection with hydrogen sho 
also be observed. 


AMMONIA 


Liquefied ammonia is used in immense quantities In connect 
with refrigerating machinery, and although it perhaps cannot 
called a poisonous gas in the narrow sense of the term, it is eas 
capable of producing unconsciousness and death when it is press 
in the air in any considerable amount. Similar remarks apply 
sulphur dioxide gas, which is also used in refrigerating machin: 
as well as in various other applications. Both of these gases 
freely soluble in water, and it is recommended that in all roo 
in which they are handled an overhead sprinkling system be provid 
that is capable of discharging large volumes of water into the ro 
in case of the accidental liberation of excessive quantities of eit 
gas. A considerable part of the liberated gas would be absor 
by the down-rushing water, and even though the air might not 
rendered respirable in this way, something would surely be gai 
in the way of checking the spread of the gas to other rooms. 
is certainly important to provide free and abundant ventilat 
in and adequate means for quick exit from any room in which eit 
gas may suddenly be liberated in quantity. These simple 
evident precautions are often wholly disregarded in laying out pla 
in which ammonia or sulphur dioxide are handled or used. 

Ammonia gas is usually pronounced incombustible and incap 
of being exploded when mixed with atmospheric air, but rese 
and experience have shown that this is not altogether true 
mixture of ammonia gas and air can be exploded if it contains from 
16 to 27 per cent of ammonia, and some of the explosions that | 
occurred in our big refrigerating plants subsequent to the libera 
of considerable quantities of ammonia may possibly have been «‘ue 
to the ignition of mixtures of this kind by means of the are laiips 
which have in most cases been in use in rooms where these accid: ts 
have occurred. 

In compressing ammonia another source of danger must be c:re- 
fully considered. If the ammonia gas that is undergoing compres 
sion is allowed to become unduly hot, the ammonia that coies 
away from the compressor will contain a notable quantity of com- 
bustible gas that is distinetly different from ammonia. This ay 
come in some measure from the decomposition of the oil that 1 
used in lubricating the compressor cylinder, but it also contains 
free hydrogen, which appears to be produced by the actual! (i> 
sociation (or breaking up) of the ammonia into its compouent 
gases, nitrogen and hydrogen. We used to think of ammonia 4 
being exceedingly stable and incapable of dissociating in this way 
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to any sensible extent, but we now know that such is not the case. 
Dissociation occurs even at moderate temperatures, and it is likely 
to become quite significant when the temperature is high. To 
cuard the development of combustible decomposition 
products from the lubricating oil, it is important to use a special 
kind of oil which experience has proved to be well adapted to work 
' this kind; and to keep the dissociation of the ammonia itself 
ithin as low a limit as practicable, it is important to keep the gas 
cool as possible by methods already outlined in connection with 
Finally, to guard against vapor 


against 


her gases. explosions in case 


onia gas should escape into the air in considerable quantity, 


t to take the same precautions against ignition so 


; y > 

importa l irces 
} e be iggested in connection with hydroget 
( HLORIN 

ud chi how shipped in vast quantities, for use in con- 
vith } hing. and for mat other 1 poses It PO] 
red | he general public ever since it was i as a 
ry & U Wal but In time Ol peace this tear is hardly 


i i 


ind it can produce 
] 


ciousness and even death if inhaled in any considerabk 
ntity. It has been well described as an “honest gas ”’ however 
phrase meaning that it has no treacherous qualities. W< 


vs know exactly what it a manulacturing plant 
plant in which chlorine is compressed, in 
1, in case of leakage, by mere ly leaning out of an open window 


ing out ol the room. It is not 


mediate relief can 


desired to underrate the 
ers associated with handling liquid chlorine, yet it is onl; 
say that they have been largely exaggerated. If a evlinder 

tank containing liquid chlorine bursts or springs a leak, for 
example, the evaporation that takes place rapidly chills the liquid 
still remaining in the tank, so that the evolution of gas is quickly 
itomatically checked, though not wholly stopped. Abundant 

vi ition is important in a chlorine plant and special attention 
| be given to the exits, so that if the gas becomes accidentally 


li ted in considerable quantity the men can pass out into the 
open air as quickly and directly as possible. 

( rine must be carefully dried before compression, because 

if moist it will corrode the pump, piping, and tanks. Perfectly 

lorine, on the other hand, has practically no action upon 

The drying is effected by passing the gas through towers 

ith pumice wet with concentrated sulphuric acid. In lique- 

the gas by means of a compression pump the main difficulty 

to vercome is keeping the piston gastight in the compression 


r. A special form of packing is required for this purpose, 
l } } 


hould be designed and installed by some person who under- 


star the necessities thoroughly. In one compression plant 
visited by the author there are seven sealing rings on the piston 

six soft and hard packings of special chlorine-resisting material 
being used, while the middle space is filled with strong sulphuric 
cid which not only completes the seal but also serves to lubricate 
the nder. The pressure required in chlorine tanks is not high, 


48 the vapor pressure of liquid chlorine is only about 120 lb. per sq. 


in 70 deg. fahr.; and even when a chlorine tank has been left 
standing in the sun for a considerable time, the pressure will hardly 
ever creep up as high as 160 lb. per sq. in. In liquefying this gas 
th pression is therefore performed in one operation. Tanks 
and other apparatus used in handling or storing chlorine must be 
clear | free from all other substances—solid, liquid, or gaseous— 
with which the chlorine might combine. 

in conclusion, there is one general suggestion relating to safety- 

hich applies to all gases. Some engineers discourage the 
use of lety valves on gas-compressing apparatus, partly because 


te escape of gas through them is a source of waste, and partly 
cause it creates a special hazard, when the gases are toxic or in- 
But it is not necessary to liberate the escaping gas 
r the work place, and it can often be discharged where it 
constitute a hazard to property. Hence this objection is 
ether well founded. In fact, relief valves should be pro- 
all cases, and the discharge problem should be considered 
n merits in each individual plant. It is often, and perhaps 
practicable to have the discharge delivered back into the 
stem on the low-pressure side of the compressor, so that 
economic loss, and no hazard to the men nor to property. 
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Discussion of Hydraulic-Transmission 
Continued from page 241 


ciency at constant torque, so that the author’s curve vould be 


better at constant horsepower. This was a condition which was 


of great interest in many applications where it was possible to get 


increased torque with decreased speed and full horsepower within 
a reasonable range 


wer output could not be obtained through- 


out an inhinite speed range f one ordered a machine ior a 10 to 1 
range t Col act il | aed Ol > t lyr nge ne 
W il 1 i hi twice t ) ] ictu | I - 
Sary 

It y n the autl 1 that Mr. M | 
ficis t it « nt hor He did t 
! ether lit existed the Oileg ck - 
led relat the differs 01 the total 
le | and hydra 

Of great ! rtal vas t l g 
constant ! itpu If t lon g 
p stroke rking pressure W 1 increase as t jump 
roke was reduced his amounted to underrating the machine in 
rder to call it a constant-horsepower machine. If it was to operate 
it half-stroke with 1000 lb. per sq. in. pressure and at full stroke 
with 500 Ib. per sq. in. to give constant horsepower, it might as 
well carry doubled rating at full stroke, unless limited by bearing 
pressures or speed r by overheating. 

Regarding Mr. Crain’s remarks on the subject of costly construc- 
tion, the author believed that the simple plane and cylindrical 


| 


This 
machine-tool field and 
sidered open for hydraulic-transmission 


in the Oilgear would lead to a reduction of cost 


believe that th 


prospect had led him tO 
similar fields should be cor 


methods. 


The variable-strok oil pump as a power transmitter had the 
llowing outstanding characteristies 
1 Complete speed control of the d i 
5 ‘Transmission of maximum torques to the driven motor 
without requiring large power input 
Automatic regulation of power input at all speeds to the 
amount actually required to deliver the power output 
Perfect lubrication and ¢ extreme durabilit 
e Negligible idling load 
Ability to operate as a disengaging clutch by setting the 


pump at zero stroke 
! 


No other power transmitter co ined these properties, and very 
few power transmitters had any of then The direct-current elec- 
tric motor, however, had been highly developed as a variable-speed 


,and had a large field appropriate to it in which the hydraulic 


drive 
drive would not compete 

It was very important to get a clear idea of the essential distine- 
tion between hydraulic variable-speed drive as herein presented 
and the ordinary types of hydraulic 
transmission comprised a pump, a motor, and an oil circuit connect- 
ing them. The volume of the liquid flow and hence the speed of 


the motor was determined only by the pump displacement. The 


machinery. Every Oilgear 


pressure of the working fluid was determined only by the resistance 
encountered by the motor, and rose and fell with the load to be 
driven. There were no throttle valves and no reduction of pressure 
in the working liquid except when it passed through the motor. 
Then the pressure instantly fell to exhaust pressure, the drop being 
just sufficient to compel the motor to turn against the mechanical 
resistance to be overcome, because the high pressure was determined 
and caused by this same resistance. 

The ordinary hydraulic system, including an accumulator, re- 
quired a maximum pressure to be delivered by the pump whether 
the work needed this pressure or not, and the surplus was wasted 
or wiredrawn through the throttle valve between the accumulator 
and the working machine. This throttle valve controlled the 
movement of the working ram both as regarded speed and the 
pressure delivered. That part of the power not needed to drive 
the working machine at the required speed was lost, and was 
also used to cut the working parts and destroy the mechanism 
itself. 








Performance Tests of Steel Belts with Compressed- 
Spruce Pulleys 


Particulars Regarding an Investigation of the Performance of Welded and Continuous Steel Belt 
Running on Compressed-Spruce Pulleys Not Specially Faced 


By GARTH L. YOUNG! AND GUIDO V. D. MARX? 


ROM the data available it would appear that the possi- 
bility of using thin ribbons of steel in place of leather or 


composition belting for power transmission was conceived 
by Eloesser in Germany some fifteen years ago, but that at first 
various mechanical troubles stood in the way of extensive adoption 
of the new device. It was not until a few years ago that these 
troubles were overcome to a sufficient extent, and it is stated that 
at present close to 1,000,000 hp. is being transmitted by steel-belt 
drives 
The authors have carried out a series of tests with continuous 
steel belting and compressed-spruce pulleys. Heretofore the two 
outstanding difficulties with steel belts have been the impossibility 
of securing a satisfactory joint and the fatt that the pulleys must 
be specially faced in order not to run metal on metal, which would 
ultimately, perhaps after a short period of satisfactory operation, 
give rise to excessive slip and consequent power loss. Because of 
this the combination of continuous belting and compressed-spruce 
pulleys would appear to be of particular interest. 


COMPRESSED-SPRUCE PULLEYS 


The driver and driven pulleys were 20 in. in‘diameter, 6 in. face, 


| 
| 
“ j 
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Fic. 1 DIAGRAMMATIC SKETCH OF STEEL-BeELT TESTING MACHINE 


compressed spruce, and the idlers 12 in. in diameter with 4 in. face. 
According to the manufacturers, ““The method used in constructing 
these pulleys is to lay up */s-in. thick lumber in square blocks 
with the alternate layers at right angles, glueing with Casco casein 
joint glue to whatever thickness is desired, place in a hydraulic 
press and compress the block perpendicular to the plane of the 
layers, clamp and hold for from 48 hours to a week. The clamps 
are then removed and the block remains compressed with prac- 
tically no expansion. The block is then bored with a hole that 
is slightly smaller than the outside of the cast-iron hub. The 
machined hub is then pressed in by hydraulic pressure and the 
pulley turned on a mandrel in an engine lathe. The pulleys are 
then doweled with fir dowels, the set-screw hole (if required) bored 
and tapped, placed on the mandrel again, and sanded and finished.” 
A block of this material was compressed under a pressure of 4800 
tons per sq. ft., or around 68,000 Ib. per sq. in. without having it 
fail by spreading out, and although these pulleys have never been 
tested to destruction by centrifugal force, it would appear from the 
foregoing that the wood in tension will carry up to far above ordi- 
nary driving speeds. 

1 Graduate student, Leland Stanford Jr. University. 

2 Shell Co. of California, Los Angeles, Cal. 

Abridgment of a thesis submitted by the authors in June, 1922, to the 
Department of Mechanical Engineering and Committee on Graduate Study 
of Leland Stanford Jr. University in partial fulfillment of the requirements 
for the degree of Engineer. 
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Be_tr MATERIAL AND JOINTS 


The material used for belting in these tests was what is kno\ 
commercially as clock spring It is a very high-carbon ehar 
steel apparently rolled and ground to size and drawn to a d 
blue temper. The belt used was 0.01 in. by 0.75in. by 35 ft. T) 
material may be obtained in varying widths, thicknesses, and te 
pers. In the 0.01l-in. thickness the widths obtainable are fi 
'/> in. to 3 in. in tempers of light straw, dark straw, and dark | 

First tests made to determine the tensile stren; 


th of the } 
were unsatisfactory due to the fact that the material was so w 
ened by the scarf marks in the grips ol the testing machine that 
50,000 Tb 


belt failed in the jaws at loads of from 225,000 to 
sq. in. This difficulty was obviated by looping the belt in « 
grip, thus giving two thicknesses instead of one. The bel 
broke cleanly bet we en the grips ata load of 275,000 Ib per sé 
The previous work done with belts of this materi il clearly 
that a silver-soldered lap joint is by far the most satisfactor 
use, hence little time Was spent on the eonstruction al d te 
joints of different types. <A  triple-riveted lap | 
up and tested, eleven -in. Norway tinned rivets bein 





This type of joint was never run on the apparatus a 
clearly far too stiff to stand the reversals of str ( 
12-in. idler pullevs. When tested for tensile strength th 
heads pulled out and sheared at a load of 108,000 Ib. pet 
giving an efficiency of 39 per cent 

The silver-soldered lap joint was made as follows: The end 
squared up and scarfed to a razor edge with a file and emery 
the length of the scarf being about three-quarters the width 
belt. The ends were then clamped firmly in place and from 
to */s in. of 3, in. by 1-in. silver solder inserted A small qu 
of borax was used as a flux. Red-hot tongs were then 
clamped over the joint until the solder melted and flowed « 
The joint was then allowed to slowly cool, the oxide and s 
solder being polished off. 

The joint used in all the test runs, covering a period of 
50 running hours, was later cut out of the belt and tested for 1 
strength in the manner described earlier. The specimet 
at the edge of where the temper had been drawn by the tong 
not at the joint itself. The breaking load was 153,000 Ib 
in., giving an efficiency of nearly 56 per cent. Apparent 
joint was so constructed as to be perfectls flexible and the 
stresses over the 12-in. idlers had not affected its strengt! 
appreciable degree. 


DESCRIPTION OF APPARATUS Usrp IN THE TESTS 


The apparatus used in these tests amounted essentially to 4 
dynamometer whereby the tensions in the tight and loos¢ : f 
the belt could be accurately measured. This was accon 
by using two idlers mounted on swinging frames as show! ig 


1. For measuring the slip between the driver and driven pulleys \ 
a differential counter was used which was originally built by | 
for his tests (see MECHANICAL ENGINEERING, July, 1920, p. 374 
Themechanism of the differential counter is such that when t! 
and driven shafts rotate equally in opposite directions t] 
movement of the ring gear G, Fig. 2. The light chai 
connect the counter to the driver and driven shafts. 

Due to the one-to-one ratio of the sprockets and equal « 
of the pulleys there is no motion of the ring gear unless 
is slipping. When slip occurs the rotation of the ring g¢ 
portional to the difference in peripheral velocity of the tw 
The ratio of the ring gear to its pinion is one to twenty and t!c rat de 
of the differential gears is two to one, making the ratio nt © 
wheel shafts to the ring pinion one to ten. 
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The motion of the ring pinion is transferred to a specially built 
inter by means of a light chain and sprockets. This counter 


engaged and disengaged by an electrically op rated dog clutch 

The unit wheel of the counter is divided into tenths so that one 
ision of this wheel corresponds to a difference in revolutions of 

e one-hundredth between the driver and driven pulleys 

The revolutions of the driver pulley are taken with a Veede1 

nter operating in the same 


nected to the 


circuit as the differential and direct 


differential-wheel shaft 


TES 


PROCEDURI 


¢ load on the weight pan and the re idling of the dial balance 


tensions in the belt under test because 
he ingularity of the belt pull the ipparatus was properls 


brated 
next problem was to overcome the effect of vibration. whic! 
iecessfully achieved with certain modifications in the appa- 
The ! t ¢ making the tests ae eribed herew VAs Tt obt n 
rr ‘ the coemMmeel ( riction to the main il ble 0 
ire ( Q locity 1 elocity na hor epowe ove! i 
' y range. The method followed was to n 
‘ nin the tight de of the elt and airy thie 
t } ‘ no ntoa sidered exet ive 
eated t each tel ! or tiie ivaillable drivu 
| t desired to check un the l Hamptor 
! ! rt | ribbed © Use ¢ 
tv | v | ! ire P \ 
{ t ed invert e 0.533 pow 
( Thy ( cnt tiv ele 
e O14 er hye ‘ eit 
bre I | ( ‘ ( ( ( ria 
t tA Phe ( ( ! 
fit 1} | r } 
2. ‘ 
hy i ry thre ‘ tre l 
1h eto tind an equ pier ! 
) er! ! | © t 
1 ‘ ‘ T t ‘ is Wher ; ‘ ving 1 
KI . 
) 
prey ‘ 
: d that this rmula could be applied with a little more 
han the one given above, when the value of A 32.91 
e y ( tructed to show the relative eft iencies of the 
: = = 
pes of pulleys. The method followed was to go over the 
] . . er 
select, at tensions in the tight side of the belt as nearly 


possible, readings in which the velocity of slip and driver 


were also constant. The only variable which now could 


coefficient of friction and the horsepower transmitted 


elf-adjusting value of the tension in the loose side of the 


e coefhicient of friction of steel on compressed spruce and 
ponding horsepower is higher in each case than the values 
vith cork-faced pulleys, the average ratio 
ted) of wood to cork being 1.36. 


\s irds the relation between horsepower, velocity of slip, 


he sey ywers 


at on 1n the tight side of the belt, the results obtained by the 
press vestigators check very closely with those of Helmick, 
Dut e relation involving the coefficient of friction, velocity 
= ind ve locity Ol slip, there is considerable variation between 


obtained by the two sets of investigations, the equation 
the authors being as given above in [1], where u is the 


CHE 4 f . , » > ° . 
Mel of friction, V, the velocity of slip, Va the velocity of 
airiver d " . ¥ 


{ P the pressure in pounds on the pulley face. 


The 
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diff » hetween the ¢ 


Wierence etTween the two equations OV the relative fii a 


of the variable lactors with the two } 


L/ ‘A ‘ 

The next series of tests dealt with the periormance ol col ] 
belting on compressed-spruce pulley At the time the belts were 
needed it was impossible to secure belts of more tha 20 1 Ze it 
open length, and the specificatior rom the manufacturer of 
the belt required 20-in. diameter pull hen reve! ( 
curred, the apparatu heretofore used becam«e pract An 
effort was made to devise some apparatus which would i 
practical dt e lor the cor nuou belt and ttl il tl t 
of some method of curately determining the tens | 
pparatus is described in the unabridged thi 

( INUO STE! B 

Phe continuou el belt tested v quite different Dp il 
ippe ince from tl velded belt I ppearance it Was bright 
nd higl po 1, t dge ng sligl rounded to reduce the 
hazard in hand v { nning ! igh it la be borne n 
mind that the L 7 ! t¢ on tiie ipp itus » That aiust- 
ment of the ru gy | ] ‘ ea? The cor wus | t is 








t nod f , ‘ } _ 
— ‘ ‘ on ‘ t 
tests was l pDowe! rie i 1 0.78 
el Thre ( T I I | ( to T \ 
, 
( ral relati i 
-1 0S 0.78 
H ol / | 
) 
LOO0 
, , 1 , , , 
Chis formula checks out quite closely with the observed nd cor 
] ] ; . + - +} + ] 
puted data from Ww hit Was taken, with the exception that slight 


variation occurs at the highest velocities, when the comput 


is a little high The formula has a practi al value in deter ining 
belt tensions and dimensions knowing the horse power to be trans- 
mitted and the belt speed 

An effort was made to compute the coefficient of fri tion as a 


function of various variables in the case of a continuous belt 


and 
, ranging trom 0.192 
to 0.240 in one series and from 0.198 to 0.257 in another 


the value s obtains d pro’ ed to be extremely le W 


The explanation of the extremely low values of u o 


tained in 


working out the data in some cases is that the floating pulley allowed 
the tensions in both sides of the belt to adjust themselves, and 
naturally at very low horse powers, 


recorded, the tension in the loose side of the be lt bec ime verv me irly 


values as low as 0.0233 being 
equal to that in the tight side, with the cons quent result that the 
ratio of (4-1 to ( approached unity. The logarithm of 
this ratio being very small, u approached zero as the limit. At 
just what point the values of u become reliable is difficult to de- 
termine, but it is evident from past experience that values below 
0.12 or 0.13 should be disregarded. 














SURVEY OF ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 


Vibrations in Foundations 


By DR. ENG. ERNST SCHMIDT 


[)ESCRIPTION of a method of investigation based on the use represented by the projection of vectors on a straight line (Fi 
| 


ff vectors. One of the features of this method is that it which rotates with an angular velocity corresponding to the period 
employs a so-called “foundation function’? which expresses the _ ity of the oscillations, the behavior of the foundation at any give 
motion of the foundation for every direction of freedom of oscil- frequency will be indicated by the vectors of the force A and t 
lation in accordance with the magnitude and phase of the motion motion s, wherein the motion lags behind the force by a pl 
at all frequencies. angle ¢. This angle must be between 0 and 180 deg., so long 
The development of vibrations in a foundation is dependent on the energy from the machine is to be transferred to the foundat 
the following elements: First, the force producing the oscillations; If the foundation were a perfectly elastic spring its motion w 
second, the inert mass of the machine on the foundation; third, — be fully in phase with the foree producing it (lig. 2 If, howe 
the properties of the foundation itself: and fourth, the action ol the foundation is composed of an inert, freely moving body * 
damping elements. move in a direction opposite to that of the force (Fig. 3). 


For theoretical purposes the investigation is limited to periodic general, ¢ may assume any value whatsoever; if it is acute, 


processes which are resolved according to Fourier into harmonics, one approach the case of an elastic spring and the foundation may 
such harmonic being taken, for example, the basic oscillation. The called “‘springy;” if ¢ is obtuse, the foundation may be des 
machine on the foundation may be considered as a rigid unit against as “massive.” 

which the oscillating masses exert periodically acting forces The If the fre queney chang while the an plitu le of the torce ret 
machine is assumed to rest directly or through an elastic inter- 





mediary member on a foundation which may be the ground, beams 
of a structure, ete. 

If there is a foundation base rigidly connected to the machi 
it can be considered as part thereof. The periodic forces whicl 
act on the unit assumed to be rigid are supposed to be known, and 
the problem is to compute therefrom the movements of the mac! 
and foundation produced by these forces. 














Let it next be assumed that the machine under considerat 
1) 2) 3) A 
7 A A 
| 
a a 
a 
YA s 
I I I ? a 








constant, the magnitude and direction of the vectors of the 1 
vary. If the end points of all the vectors of motion produ: 
the oscillating force at various frequencies be connected, w 
obtain a curve which may be designated es the “foundatior 
tion.”’ If the foundation function is known for all the si 
doms of motion, the foundation may be considered as fully 
mined. 

The energy delivered by the vibrations to the foundation 
be also determined from the vector diagram as it is prop 
to the area of the triangle formed by the vectors AK and s. 

In simple eases the “foundation function” may be co 





Fics. 1 to 3 VectrortaAL REPRESENTATION OF Force K anp Dis 
8 IN FOUNDATION VIBRATIONS 


Fic. 4 FounDATION FUNCTION OF A FOUNDATION CONSISTING OF AN INI 
Mass OScILLATING WITH DAMPING 


(The smallest curve corresponds to aperiodic damping; th r or ng t ‘ , - . ° ° 
maller values of damping.) theoretically. For example, if the foundation consists of 


mass held in position by elastic forces and is such that its 1 
simply floating in space without connection to any kind of a foun- are damped by a friction proportional to the velocity, the 
dation; in that case the inertia forces produced during the motion _ tion functions for the various magnitudes of damping will | : 
of the machine by the masses and moments of inertia must be in what as shown by the family of curves of Fig. 4. At low | z 
equilibrium with the forces producing vibrations. Actually, how- cies the motions and forces will be in phase. With in c 
ever, the machine does not float in space but rests on a foundation frequency the amplitude and lag of the motion increases, t 
which holds it in a definite position. The first problem, therefore, plitude reaching its maximum value at the resonance fr 
is to investigate the influence of the “restrictions” produced thereby. where the motions lag approximately 90 deg. behind t! 
Sinusoidal forces or similar moments acting on a foundation pro- From the resonance point on the amplitude begins to 
duce, when their action is restricted to only small vibrations, while the angle of lag tends to approach 180 deg. At frequen 
sinusoidal motions either of displacement or rotation. The motions below resongnce the foundation behaves in a springy mat :' 
generated are, however, as a rule not in phase with the forces pro- frequencies above, like a mass. The foundation function 


ducing them but lag somewhat behind them. If, as is usual in also computed for beams yieldingly held at the ends. Since, ho¥ 
alternating-current engineering, the oscillating magnitudes be ever, as a rule, the method of holding the beam ends is not wa 
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vith sufficient exactness, such computation will not give usefully — of an inclined line an ellipse is produced, the shape of eg 
iployable values. In the majority of cases occurring in actual it possible to determine the lag in phase and the magnitude of the 
ractice, conditions are still more complicated and computation beat of the mirror and hence the force acting on tl 
wesses cannot there fore he resorted to. Le re, howeve & the ind its 1 1 I | rea of the eLLIDSE I ire ry 
ndation function may be determined experimentally, for whiel consumed in « ibration. 
pose apparatus illustrated in the original article (Fig. 5) ma The t vith respect to which tl 
1. (on ti foundation is laid a plate aso perfectly elasti foundati is I l j the wel t hig. 5 I I i 
change hape is at each instant prop nal te e] ( cated on t } il a) ! C It . 
ipon it. For such purpose flat steel plates (Fig. 6) 2.5 mi mirror measuring n of t lat ted 
ick d, say, 30 by 30 e 11.8 in. on a { tq. At ( S00 ¢ (x r 
hese plates should be so held that when loaded I the 1 0 
ed bending It ind { test that hy By « 0 ‘ ' 
| ere practica perfect ( j (on t ‘ t ' pe , 
T { ( | ij T r | Te ci I } t = 1 j 
| ind ted below i thesc { crete } t ri 7. t | 1 97 () 
n generator which produces fore cillating In a vei thick, the | le g 
lirectior Such a generator consist f two disk s wel 
( lly distributed es whicl t bout para elliy { t 
held I) hanu ition the |] ont the figure ( 
. ee = 
———— - 
; ff \ 
t 4? \ 
a ! —-— hi - ‘ 
¢ - / \ 
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Tic Spring PuLatre Maps F Sueetr Sree; | 7 MIRR ARRAN \ I I s 4 \ ONS IN ] 8 
A MI FOR INVESTIGATING THE Benavior OF Dampine INTERMEDIARY Layers: Fig. 9 A Series or Os " N ELLIPSES FROM A ¢ RETB 
PLATE; Fie. 10 w FuNcTIoN For A CONCRETE PLATE; Fic. 11 Grapnicat Com ATIOD \ ‘ NS IN FouNDATIONS 
nts of the centrifugal forees are eliminated and only pure he foundation function for the middle of one of the f 
vibrations remain. The frame of the vibration generator the plate at various speeds is given in Fig. 10. As shown ther 
the base plate d which transmits the vibrations to the cork- it consists of two cor tive slices corresponding t hie - 
ites; it is also provided with stiffening girders supporting damental oscillatior 1 the first upward oscillation of the plate. 
By changing the size of these weights and the number’ where the plate has inction line in the middk rhe component 
ness of the cork-brick plates 4. it becomes possible to do of the amplitude ni l to t direction of force K represents t} 
undesirable vibrations, for example, lateral vibrations measure of the trat tted energy of vibration rl rrange- 
le installation. This also provides a means of changing ment described is suitabl nly for the most important vibrations 
itude of the forces acting on the foundation. The ma- propagating in the vertical direction, but it may be easilv a lied 
iriven by the electric motor f. The compression of the spring to the other freedor tior 
pl easured by an optical indicator by means of a mirror, 1, Effect n Elastic Intermediary Layer Between the M 
U n of which (Figs. 7 and 8) is proportional to the change the F f Such an intermediary laver when a | : 
In the springy plate and hence the forees acting thereon. sinusoidal I dergoes sinusoidal changes « hape If it 
TY a ‘ . . mn 9 . P " 
i of light which arrives in a horizontal direction is thrown _ is perf elastic the compression is in phase with tl} ( t 
I the mirror 1 on to a second mirror 2, which indicates if a part the work of deformation is converted into heat t} 
t nm of the foundation with respect to a sufficiently large deformation must lag be hind the fore As a rule suc noi ie 
' Stat mass and also projects the ray of light in a horizontal mediary layer has both springy and damping properties 
aur on to a sheet of sensitized paper where it is photographed In order to investigate the behavior of intermediary elastic 
iS a t of light. The axes of the two mirrors cross each other layers an arrangement was employed similar to that des¢ ribed 
Vert and their masses are so small that they can keep pac above for testing the behavior of foundations. In the course of 


wit} rapid motions. When oscillations arise in the founda- 
on the first mirror causes the rapidly moving point of light to 
a horizontal straight line and the second mirror as ver- 
eal straight line. If both mirrors oscillate, then the resultant 
tions is an inclined line, prov ided the mirrors are in phase. 
2 lags in phase as compared with mirror 1, then instead 


these test 
rigid fow 
of the ma 
the whol 
two plate 


as has be 


s a perfectly elastic steel plate is laid on 
idation layer and upon this a ] 
terial under investigation, for example, rubber, cork, ete.. 
» being submitted to the action of a periodic force. The 
‘s are connected with a double mirror arrangement such 
en described above, mirror 1 measuring the compression 


sufficiently 


size n ade 


late of the same 
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the perfectly elastic plate and hence the foree, and murror 
1 ] 


the change ol shape in the plate of the material under test (Fig. 8 


9 


From the path of the point of light, which, in the ease of imperfectly 
elastic mate rials, is an ellipse, and with the knowledge of the am- 
plitude of the force, it becomes possible to determine the deforma- 
tion with respect to magnitude and phase 

11.8 in.) and about 4 em. (1.57 in 
thick have lve n under static load an angle ol lag ol phase of 13 to 
IS deg. for rubber, of 6 to 7 deg. for cork brick and of 3 to 6 deg. 


Tests with plates 30 by 30 em 


for natural cork. To these values correspond the following fig- 


ures of the percentage of conversion of the work supplied for the 


changing the shape of the body into heat, namely, 23 
10 to 12, and 5 to 10, respectively. The larger angles of 


Furthermore, it was found that 


purpos 
to 3l, 
lag are for higher static loads. 
the springy action of the materials under investigation, 1e., of 
the component of deformation parallel to the direction of force, has 
een, in the range of frequencies used of S800 to 2000 per min., only 
om one-half to one-third that which could have been expected, 
g by the curves of elasticity obtained at slow changes of load 
( lation of Os ttions in a Practical Case { machine of 


VW in which there is a sinusoidal vertical force of amplitude 
P and Irequency W@W is placed on a foundation havin P riven e@X- 
perimentally determined foundation function with an intermediary 
lastic layer of known properties between the 1 hine and the 
indation proper. In order to determine the oscillations that 
arise and the energy of oscillation loss, we take ft t eraph of 
e foundation function the amplitude sy of the foundation (magni- 
tude ai tion, Fig. 11) corresponding to force A nd 
quene The application « lL produces Clasti 
rmediat er a deformatior idd ti 
{ Cs the me I 7 uid 
| indatior In ord on | 
U }) oO I mertia J Stal ( ~ chu it 
is! exert V7 
rely period ocesses, May subs t Vw If we 
idd this amount to A, we obtain in magnitude and direction thi 
rece P which must be applied to the machine in order to produce 
in it tl imed motion Tr} val Ol ¢ irse, is not the same 
is that which really acts in the machine. It is only necessary 
howevet magnify or reduce the diagram proportionately « 


its seale in order that P shall assume the value necessary 


change 
to produce the desired oscillation process. The energy \ 
by the machine at each oscillation is represented by the triangle 
Psm, while the triangle Ks, 

The difference between these two or the 


represents the ene rgy tl insmitted to 
the foundation triangle 
Kd is « nverted into heat in the elastic intermediary layer. If 
the machine has more than one freedom of motion the above eal- 
Because of syvm- 


Cl lation should be made lor every one ol them. 


metry, however, the majority of machines have only few freedoms 
of motion of importance. 

For other frequencies the diagram may be plotted in a similar 
manner, provided only the corresponding values are taken from the 
foundation function. By plotting the same kind of a diagram it 
becomes easy to investigate the probable influence of an increase 
in the mass of the machine or the greater softness of the inter- 
The problem may be solved analytically by using 
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AERONAUTICS (See Internal-Combustion Engineer- 
ing) 


ENGINEERING MATERIALS 


A New Zrnc-Base Die-Castina Auioy, Charles Pack. 
die castings are subject to swelling, warping, and deterioration 
in service. It is claimed, however, that these troubles are attri- 
butable to the alloy used in a given casting and not to the die-casting 


some 


5. No. 4 


process. In fact, it is claimed that every Case of deterioration 
of die castings known to the author, who is connected with the 
Doehler Die Casting Company, has been limited to die castings 
made from zine-base alloys, and he gives a brief bibliography or 
the subject of the deterioration of these alloys The article claim 
that the Doehler Die Casting Company has developed a non 
corrosive permanent zine-base die-casting alloy which they ea 
Ni-chro-zink. The composition of the alloy is not disclosed furthe 
than by its name 


Several tests of the material are deseribed an 
it is claimed that castings will show a tensile strength of appros 
mately 18,000 Ib. per sq. in. and an elongation of 4 per cent, 
that fine threads, small holes, and slots can be cast without ar 
difficulty The Metal Industry, vol. 21, no. 2, Feb., 1923, pp 


D4, 3 figs., 
FUELS AND FIRING 


AND Drarr ReQUIREMENTS, Thos. A. Man 


an investigation made with western coal 


TEMPERING COAI 
Mem. A.S.M.E. In 


author found that proper tempering helps combustion ae 
scribes in some detail his methods of testing and sets forth the fol 
ing conclusions which he has reached 

1 Added moisture is beneficial with many coals, certain! 
most western coals 

2 Properly tempered coal ha 
either very wet or very dry ¢ 

3 Verv wet coal has less resistance to air flov 

t The theory of steam formation cracking 
do ! t soy ; he correct 

9 Proper { ered \ 
+} rn ¢ il ? + or 

6 Proy { d coa 
thie wl-bed 1 l ( reby ree v { 
the fuel d 

7 Prope { pered coal ¢ ft 
therefor rin the fuel 
rel indle 1 

Knowing, therefore, that the lvantage 
] i \ ( i T ! I ‘ lt! | t I {i 
ing the ove | ( tudy ¢ hye ( I { 
thought can be given how best to add 1 ! 

Qn] ! general observations can be ma 

t present, these being | d on the experienc 
With a great \ riety of coals Such observations are 

Moist coal such as obtained when a ear of coal has beer 

on the previous day, is usually well tempered 

b Extremely wet coal does not burn as weil a ily 


moisture. 
c Moisture added an hour or two before burning 
eficial than moisture added in stoker hoppers 
| 


d The most usual place to temper coal at the crushe 


~ 


the conveyor. The moisture then has time t 
with the coal and agglomerate the fine particles 
e With western coals, one of the important features 


operation is tempering the coal. With a known coal, int t 
firemen soon become expert in judging the best amounts of 1 
lor proper tempering. This varies with different coals a1 i 
SIZes. 

f Exhaust steam for tempering purposes gives very sati ry 
results and is used quite extensively. (Power Plant En 


ed 


vol. 27, no. 4, Feb. 15, 1923, pp. 215-217, 3 figs., ep 


HYDRAULICS 


EXPERIMENTS ON Loss OF HEAD IN VALVES AND PIPES « IN 
To 12 1x. Diameter, Prof. Chas. Ives Corp, Mem. A.>.\I 


assisted by Roland O. Ruble. Results of 2200 tests on 48 nt 
gate and globe valves and 425 tests to determine pipe frict 

The loss of head due to gate valves '/, in. to 12 in. in ter 
was measured for various openings, namely, '/s, '/4, */s ‘ 
and fully open. The loss of head due to globe valves to? 


in. in diameter, was determined under fuily open conditi 
a part of the valve experiments the loss of head in pipes 
12 in. in diameter was determined, and these results are also | 
in this bulletin. A bibliography of the subject is appended 
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The lo of head due to valves and other httings occurs in part 


i 


vithin the valve or fitting and in part as an added loss in the pip 
] ! 


ne downstream where normal flow has been disturbed 


Measurement of the loss of head where the downstream 


eter is attached too near the valve will give a loss in excess of that 
tually produced. From 20 to 25 pipe diameters beyond the valve 
, 
| probably give the best position for the downstream piezometer 
ing It is undesirable to have a greater length of pipe in thi 
length than is actually needed to include ill Valve le 
The loss of head in new. clean wrought iron pipe tron tol2Zn 
OOS19 
' 
4 ris ¢g ippre t; v tl or | idl J 
, 
HT 3 ii t r LOO ft pipe ! elLOr 
\ ne y | I or ad ind 1 pipe ad mere! 
. 
t ! i> 10) time the 7 ‘ orate 
| T >] ré ‘ \\ t 
ig : thy v) , 
| ’ ] 
i t I V¢ ( 
;, 
1) : aoe iy ‘ ‘ e ¢ ‘ 
i i t | rie ph qT ‘ {’ 
‘ | | t ‘ 
| 1 ( Che conelu hed t} 
| ( | \ Tviy) lj © ¢ 
lt ror r } ’ d 
\ ted { 
} 
et idera ing yt! yy 
| } a } | , t rr ‘ 
par red e dow! 1 
1 g 
\ \ ! ait Ie ‘ 
T ] ‘ Peory qT ‘ - 
( 
})! ~) Je) I pea imeters downstreal ! 
B HW S 
i ) > 
| 1a? » » fig | 


INTERNAL-COMBUSTION 
also Railroad Engineering 


ENGINEERING (See 


Fur.t-INJECTION VALVES FOR COMPRESSORLESS DIESEI 


Herr Roick. One of the great difficulties that have to be 
in the development of a small high-speed Diesel engin 

iriable metering of small amounts of fuel and their atomiza- 

{ thin the very short time available in the course of each 
Chis led to intensive work in the development of proper 

lu ction valves and the present article deseribes the design 
pr l by Griev and Livens in their British and German patents. 

M nd Auto, vol. 17, nos. 23-24, Dee. 20, 1922, pp. 285-286, 
4 

S x Turee-CyLtinpeR Rorary EnNGine. An_ interesting 
DX int on account of its possible use in “‘auxiliary”’ sailplanes 

been produced in Germany. This is the “Statax’’ three- 

rotary two-stroke engine which has been designed and built 

by | M. Hansen. It is stated to weigh but 17.6 lb. complete 
Wi peller and to develop 7.5 hp. 

7 ief feature of the Statax is that there is no crankease but 
mneT cylindrical induction chamber to which the cylinders are 
OK ith their closed ends turned inward. The outer ends of 
t iers are open, and the pistons have their skirts pomting 
outw It is claimed that the extremely light weight is a result 

5 gning the engine that all the most highly stressed members 
ma 


ension. From the very brief particulars available (from 


Flug of Nov. 15, 1922), it is not quite clear how the force of 


the sions and centrifugal force is transmitted from the flat 
steel straps to the connecting rods or their equivalent. It would 


appeal 


it, instead of connecting rods, the skirts of the pistons 
are exty 


led outward, the two extensions carrying lugs for the steel 
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trap ml l 1 7 IM) wil repre 
The tee] str re bent over the lugs and 
he by whit j te, the ' thy eng ( 
There are iction and exhaust | 
ele ed ) (i if t 1 iv v ] l 
{ ( er end | 
ture I ( mbustio1 ; 
qd pipe ( ] ’ ) | 
, p ‘ out ly 
| lin eel, 1 oi fs 
ied 1 ( ( l t ( The 1 ' 
’ ‘ il } 
tip d neld d if 
creat f r ( t Al se tead 
pre t { I wal 
i I I I " i lg 
Phe propel h thers | 
i T ( ( { ct i 
I ae I ( | ( { 
i t T t ‘ { 
' 
} 
( ( 
Phe met 
re Boseh-Gi put. The mag ; 
( v ( Oo the | pu 1) 
The ¢ (y l ect v le 
{ ] ( n¢ging I 
] I {) rt 
( ( f l if L 
} reg w OM) | ] 
c 1H0O0) \ ( 
. etl el \\ 4h 
I ¢ > 
it) 4 70) 2 Lion 
‘ 70) per | 0.07 
, I \ = i 
d 7 These figure ; 


| ich Was cit I 
is a burner for naces using gas el. Fig. 1 illustrates the 
ippara n diagran ith or 

The air blast is connected at A, and is usually e olled by 

ilve B. The gas supply is connected to the pipe S, and the 
mixture flows to the burners along the pipe ( The gas supply 
is controlled by i balanced valve V connected to a sensitive 


diaphragm D working in a suitable casing. This diaphragm 
is in itself quite light, is placed vertically, so that even its ow: 
weight does not influence its action, and it is loaded on one side 
by the pressure produced in a tube L by the flow of mixture acros 
the end N, which projects into the mixing tube beyond the throat 


or constriction Wf. The end N is cut obliquely, and may be p 


pai 
tially rotated in the mixing tube, so that the pressure produced 
in the tube L with a given flow of mixture may be adjusted to suit 
the limitations of the gas supply pressure. The gas passes by the 
valve V until the pressure on that side of the diaphragm is in 
equilibrium with the loading pressure on the other side. Under 


{ 
this condition there is produced a pressure difference across th 


hi 
l 


obturator O which bears a definite relation to the static and velocit 
effect produced at the moment by the mixture on the end of the 
tube L. 

It would take up too much time to explain fully the complex 
variations which take place, but it will suffice for the present pur 
pose to state that so long as the loading pressure on the diaphragi 
is not greater than the gas pressure existing at S, the proportion 
of gas to air in the mixture will be constant. The particular qual- 
ity desired is obtained by adjusting the obturator O, so called to 
distinguish it from other valves in the apparatus. The quantity 
of mixture is varied by opening or closing the valve B in the air 
supply. 
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This was modified to make it suitable for internal-combustion 
engines still using gas as a fuel. When, however, it was applied 
to engines burning liquid fuel it began to boil off the liquid, and, 
what is more, to do it in such a manner as to prevent boiling off 
the lighter constituents and leaving the heavier. It was decided 
to carry on this operation piecemeal in a form of flash boiler 
capable of working with the heat which would be available from 
the exhaust. 

The first successful type of boiler was of a caseade form in which 
the fuel was introduced at the top and made to trickle downward 
over a surtace oj conside rable area, while the exh iust Was passed 
in the opposite direction. By means of baffle plates sufficient 
turbulence was set up in the gases to enable them to give up heat 


o the plates of the cascade arrangement so that the liquid was 


completely evaporated before reaching the bottom of the boiler. 
This arrangement gave a good deal of trouble and was eventually 
replaced by the one shown in Fig. 2. In this boiler the exhaust 
from the engine enters at A, and, after impinging on the casing B, 
which contains the governing mechanism to be described later, 
passes in the direction of the arrow, downward, to the boiler proper 
This consists of a metal plate r carrying a n inmber of staggered 


square pins C between which the exhaust passes, and thence up- 


ward to the exit D. The staggered pins extract a maximum 


‘at from the exhaust while interposing little resistance 
Depending from the plate P, and in thermal con- 
inuity with the heated pins is a block EF intersected by a numbet 
A cross-gasway F connects the tops of these 
saw cuts to an upright gasway leading to the governor. The 


amount of h 


LO 1ts passage. 
of vertical saw cuts. 


depe nding portion is surrounded by a box G, the lower part of which 
is preferably filled with metal chips. The whole boiler is surrounded 
by an outer casing H, which is lagged with slag wool below the 
level of the plate P. Fuel is admitted by the pipe J at the bottom 
of the box G from the fuel tank, which may be either of the gravity 
or pressure type. Assuming that the boiler has been heated up 
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sufficiently and fuel is admitted at the bottom, it will rise through 
the metal chips until it reaches the lower portion of the block BE, 
which is brought to a point in the center. If the demand for gas 
is very small, the fuel just touches the lower portions of the saw- 
cut block and a pressure is set up equal to the head of the fuel 
entering at J, so that no more will enter. If the demand increases, 
the level of the liquid rises until it is in contact with a sufficiently 
large area of surface to give the required quantity of gas. Should 
the demand be suddenly reduced, the pressure of gas will rise 
sufficiently to depress the fuel until its area of contact is reduced 
sufficiently to meet the requirements. 

As regards carbon deposits, it was found that none are formed in 
boilers where completely volatile fuel is boiled without the access 
of air. In reference to materials it is stated that for light and 
mixed fuels with equilibrium boiling points not exceeding 200 deg. 
cent., the boiler proper gives quite satisfactory results if made of 
cast iron. For fuels with an equilibrium boiling point up to, say, 
225 deg. cent., such as Borneo kerosene, brass is a suitable material. 
With the heaviest practicable fuels, such as lamp oil, with an 
equilibrium boiling point of, say, 245 deg., an aluminum boiler 
gives the best results. The reason for the use of different materials 
is that for the heavier fuels a relatively better thermal conductor 
is necessary, while with the lighter ones a poorer conductor will 
suffice. 

Means are provided in the boiler to prevent its flooding with 


VoL. 45, No. 4 


the liquid when the latter is not fully vaporized; means also had to 
be provided to govern the gas. In this case the most satisfactory 
and practical device was found to consist of a heavy tube with 
suitable ports. The success of this device is ascribed to the un- 
expected formation of a kind of soft graphite on the working sur- 
faces, which, with the continuous small movements, due to the 
pulsation of the engine, produces a beautifully smooth surface 
which moves with the minimum of friction under the high-tem 
perature conditions prevailing. 

Among other things, tests have shown that when an economi 
mixture was being used on heavy load it was not possible to kee; 
the engine running satisfactorily on a light load or idling, whi 
was found to be due to three causes, the combined effect of whi 


was to reduce considerably the temperature of the exhaust he 


and to the fact that under low-compression pressure a weak 1 

1 } 1 1 , 
ture failed to ignite, although capable of being fired under hig 
compression pressul This led to the development. of 






































R 
Fic. 2 Fue. BoiLer witH THE KEITH AND WHATMOUGH CARB 
for compensation for low-compression pressure when the « 
is throttled beyond the mixing point. An auxiliary car! 
is provided to start the engine and heat up the boiler 
} 


The original article reports temperature and road tests. 
before the Institution of Automobile Engineers, abstracted t] 
The Automobile Engineer, vol. 13, no. 173, Feb., 1923, pp 
14 figs., dA 


MOTOR-CAR ENGINEERING See also Railroad 
Engineering 


A Variable Gear for Motor Cars 


AUTOMATIC VARIABLE GEAR, Eric W. Walford. Deseript 
a mechanism invented by G. Constantinesco, known as thi gi- 
nator of the C.C. gun-control scheme that was used on prac' 
every military aeroplane during the last two years of the w 
of wave-power transmission (see MecHANICAL ENGINI 
January, 1923, p. 55). 


One of the simplest forms of the mechanism is shown di m- 


matically in Fig. 3. The shaft of the driving member of 

mover is shown at A, and that of the driven member at \ 
crank or eccentric C on the shaft A, by means of a connecti! K 
causes a lever D pivoted at its lower end to oscillate a1 rly 


about its pivot. At its free end this lever has attached ta 


pair of links FE which at their other ends actuate pawls F, a: 
movable around the driven shaft B, and adapted so that 
on the forward swing of the lever D, while the other acts 


reverse swing, thereby giving a substantially continuous - 
action. 

So far as it is described there is nothing novel in the me $ 
nor does it act in any way as a variable gear but as a fix ut 
transmission device only. The central feature of the invention, 
however, is that the lever D is not pivoted to a fixed, but to a mov® 
ble member, here indicated by the pendulum @ oscillating abou! 
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suspension point 


at H and carrying the pivot of the lever D at 





ne suitable distance from the point of suspensio1 
In its broadest and simplest conception the transmissior ech- 
m thu emplovs between the dri ng t Ive ( ent 
echani eV r tl torage nerg | devi i 
ting col tion in the d itput of the 
ng mel r inl {Tis ! t ( resi hee 
the driven member, the ener kn 
the ] ( late rece cl ( erg ( Ped ¢ lif 
Ing member increase l¢ on y 
ufficient reome tl ( ! ed ( 
ly, 1 istame f the dri ( 
energy stored | ( l the di 
lded up to t lrive! rage 
Ps 
of ree 
“a 4 > 
<= \ Ee} 
A —_ | ce a 
j 
y 
| 
SP 
| 
) { ~ 4 
G NI ( “ 
il or il } rt fT < 
g in it a corresponding increase of spe 
action of t mechanism can best be unde | - 
g that tl haft A is set in motion and that the shaft B 
ind (as, for example, would be the ease in a motor vel 
juire a relatively large starting torqui it in moti 
t] re, that the driving shaft A is le t ipphy 
t drive h as would exist if the fulerum of the lever D 
i xed Cl a | the orque necessary = rt tne shaft Bb 
n, the upper end « he lever D becomes the fulerum 
lar movements under the operation of the erank C. and thi 
1 G commences to ig. Incidentally, iv be noted 
angular motion of the pendulum under these differences 
1 to a definite a ist as would be the motion of th 
A il the D lu i were statlo ir) 
well known, the characteristic of a moving body is that 
id t rgy stored in it is proportional to the square its angular 
elocity. Consequently, the energy supplied by the 
which the driven member at first is unable t 
‘ ise it is delivered with insufficient torque, is stored 
pendulum G, As, therefore, the driving member of 
mover, under these conditions, may be regarded as running 


speed will during the storage of the energy 
gain, it should be noted that in oscillating m: 
tural frequency peculiar to the characteristic dimensions 


scillating member, and that when the rate of oscillation 


Increase 


vements the re 


. Is otherwise than that which is natural, the lrequencies are 
Sal be forced. Such forced frequencies are now produced in 
\ the ing of the pendulum, and when its accumulated energy 
iS § ient, the magnitude of the reaction thrusts on the end of 


trie r D will cause the latter to move to and fro sufficiently to 
act the pawls F and to start the shaft B in motion, 

» movements of the pawls, at first, will be slight, correspond- 
ing to low gear, the ratio of which is accentuated by the speeding 


up oO prime mover during the storage of energy in the pendulum. 

g i) motion of the shaft B has commenced, and supposing the 

car to be moving along the level, the resistance will diminish suffi- 

cientiy for the energy of the driving member so that the supply 

iti will be shared between the driven shaft and the pendulum. 
Che proportion which each receives automatically varies with 

va the resistanee to be overcome, the pawls in like manner vary in 


bout their angular strokes, and the gear ratio rises or falls automatically 
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A High-Pressure Boiler with Rotating Tubes 


SWEDISH BoILer witu R rinG TuBes ror 1500 Ls. Pri 
led l | i | f incr ( I 
mre of ste 00 1500 Ih ( 1 inere 
t a ! g u ( te 20 HO 
I re e ¢ y r 
loo ‘ Wi vat eC] ‘ ! 
tat rv pl ( 50 lered e a 
fl y | diameter. There, howev 
} diff ‘ re tu eC! prove | 
obstac 
There is another factor which, although it has not received 1 
attention, plays an exceeding important part in the prope 
’ 1 | r. pal , " sh-dutv boiler This is the ’ hat 
he he transmit l rough the tube w ills is il Te ¢ ect ery 
carried away by water than by steam. In boilers of the ordinery 


either straight or spiral water tubes, it is, how- 
heated 
water On the contrary, the 
ted tends to linger at or near the in the form of 
the flow of heat from thi 
his is, of course, more serious the higher the temperature 


desig? equipped w 


ever, practically impossible to keep the inside surface of thi 
tubes steadily in contact with the 
steam genera Walls 
bubbles, thus inere asing the resistance to 
walls. 
of the fire and the higher the pressure and hence the tem pe rature) 
of the steam produced. 

To meet this situation, J. V. Blomquist, a Swedish engineer, de- 
signed a new boiler called the ““Atmos”’ in which steam is generated 
in rapidly revolving tubes. This rotation results in the inside cir- 
cumference of the tube being entirely covered by a shell of water 
which is pressed against the walls by centrifugal force. This, in 
turn, forces the steam bubbles rapidly from the walls into the open 
central space from which the steam passes out through a central 
tube of smaller diameter. The diameter of the rotating tubes is 
made as large as the pressure will permit without requiring an ex- 
cessive wall thickness, 
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Moreover, the construction is such that the rotating tubes, or 
the “‘rotors,”’ 
strain 


as the inventor calls them, may expand freely without 
In ordinary boilers it is impossible to avoid those stresses, 
and it is even impossible to determine them accurately. 

The effective cooling of the rotor walls and the freedom from ex- 
pansion strains make possible rates of evaporation as high as 60 
and sometimes even 100 Ib. of water per hour per square foot of 
heating surface 


tion. 


This makes for an exceedingly compact construe- 


The rotors form the most important part of the new invention. 
Referring to Fig. 5, the hot feedwater is admitted through the ver- 
tical pipe at the left end to the cover of the stationary bearing hous- 
ing or shield and enters the rotating part at A in the central pipe 
f 1'/. in. 
To keep the packing tight against the pressure of 


shown, which has an outside diameter ¢ and revolves in 


a stuffing box. 
1500 lb. and simultaneously avoid excessive friction, is of course 
a serious problem which many practical steam engineers will con- 
sider apprehensively. This problem has, however, been solved 
by admitting oil under pressure to the central distance ring which 
divides the packing longitudinally Into two parts. 

The packing material itself consists of ordinary packing braids. 
The stuffing-box gland is formed like a cap with an opening on the 
lower side and is tightened by a single bolt located in the center of 


the bearing shield. This packing has proved to be entirely satis- 











Fic 5 Secrion THROUGH A Rotor OF THE ATMOS BOILER, SHOW! 


factory during a continuous service of over twelve months and is 


distinguished by its low friction. The oil consumption for a 12- 
rotor double boiler amounts to about one pint in ten hours. 

The bearing housing on this end of the rotor contains a ball 
bearing in which the neck of the 
lL nacl 


nead | 


olves. This rotor 


rotor head re 
a steel casting and is fastened to the rotor by means of a 
solid flange on the head, which is kept in place by a number of 
bolts. To this flange is attached the spur-gear ring which drives 
the rotor. 


cleaning of the 


} 


The head can be readily removed for inspection and 
interior of the rotor. 

The outlet head at the right-hand end of the rotor is screws 
the rotor and then welded to it. The neck of this head, and with 
it this end of the rotor, is supported by a roller bearing in a manner 
that allows free expansion and a considerable lateral movement. 

As mentioned before, the steam generated is collected in the in- 
terior of the rotor and escapes through the central steam-outlet 
pipe (at the right in Fig. 5) which revolves in a stuffing box of the 
same construction as that on the water-admission tube. 

The chief purpose in designing the flange C like the impeller of 
» centrifugal pump was to furnish means for measuring the thick- 
ness of the water shell and keeping it in correct proportion to the 
required rate of evaporation. 

This is followed in the original article by a discussion of the effect 
produced by variation in the thickness of the water layer and the 
various safety devices used. 

An installation along the lines described is said to have been made 
at the Carnegie Sugar Refining Works, Gotenburg, Sweden. Here 
the steam is generated at a pressure of 900 lb. per sq. in. The boiler 
is said to have been in continuous daily service under rather un- 
favorable conditions since December, 1921, and has given satis- 
factory results. In this boiler the tubes are rotated at 330 r.p.m. 
(Power, vol. 57, no. 7, Feb. 13, 1923, pp. 238-241, 5 figs., dA) 


1 into 


POWER TRANSMISSION 


SCHIEFERSTEIN POWER TRANSMISSION BY OSCILLATIONS 
on the inventions of the engineer Schieferstein, in connection 
the technical utilization of 
oscillations. Schieferstein realizes that 


Data 
with 
mechanical and clectromagnetical 
all oscillating systems, as 
for instance pistons operated by cranks, are most favorably em 
loved tor yielding useful work if their oscillations are located ir 
proximity to their self-oscillations. In order that 


1] 


such engin 
parts may follow their self-oscillations, it will be necessary to in 
Hence a 


system, according to Schieferstein, consists of three essential part 


sulate them mechanically from their driving medium 


the energizer, from which the drive originates; the coupling, whir 
transmits the drive upon the freely swinging system; and the ener 
gized or resonant part, which yields useful work 

An electrically operated quick-stroke hammer may serve as 
this ca 
would be a crank mounted upon the end of the motor shaft Tl 
stroke of this crank may be very short. 


practical example of such a system. The energizer it 
As distinct from simil 
hammers which have alre ady been constructed, the hammer pists 
is not connected rigidly to the crank by means of a connecting re 
but a coupling spring is interposed between the 
hammer piston. If now the turning speed of the electric mot 


and the self-oscillations of the hammer piston are tuned in respe 
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of each other so that resonance or nearly resonances 
betwee! he two, the amplitudes of the oscillations of the ] 
piston will be far greater than correspond to the strok 

drive. As there is no power required for limiting 

the hammer piston, as would be the case i it were rig ( ! 
to the crank, and as the reaction upon the crank drive only ¢ 
in tl pressure of the coupling spring, th energy consu 

the syst sald to be much smaller than if the piston 
connected ind the e1 ink drive may be econstru ted with « rre 


ingly smaller dimensions. 
The conclusions to be drawn from the exemple quoted oper 
prospects for the 


system also to 


possibility of applying this 
movers and power generators in which th 


forces of accel 


limit the increase in turning speed. The new system may 
employed to great advantage for the drivi iw of mowing-m 
knives or gate saws. 

Another example shows that Schieferstein’s system Is ap} 
also to comparatively slow oscillations. This is the drive 
clock without escapement. Again he uses a crank of small 
which may be rotated in the customary manner by the 
of the clock. The crank transmits its impulses by mear 
connecting rod and through the intermediary of a coupling spring 
upon an ordinary clock pendulum. The crank as the enervizilg 
system and the pendulum as the resonant system must ag 
tuned relatively to each other in such a manner that reson 
possible. In the present case every revolution of the cran! 
correspond to one beat of the pendulum. If the pendu 
now set in motion it will receive through the intermediary 
spring just sufficient energy from the crank to keep up its 
ment, whereas, on the other hand, the coupling spring prevet" 
the crank from causing more than one revolution during one 
cillation of the pendulum. It will readily be seen that clock 
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system will require only a minimum of weig 
1 will run for a long time after once being wound 


. 1, Jan., 1923, p. 17 


PUMPS 


Condenser Extraction Pump with Glands under Pressure 
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All p ti turbing the ilign? ( the pul 
I ! eer re dynamical] ind statically balar 
teel shaft is protected by means of a renewable bronze 
lhe new pump has no water seal. The plain stuffing boxes 
packed, and as the pressure is outwards the hot condensate 
ntaminated by the infiltration of oil and grease. The type 


deseribed is intended for use with a surface condenser, but 


gyn may also be applied to extraction pumps for jet con- 
The Engineer, vol. 135, no. 3502, Feb. 9. 1923. p. 152, 
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Tur Next Srep in Locomotive Consrruction, A. F. Stuebing, 
Mem. A “.M.E. The author calls attention to the great improve- 
made in locomotive construction in recent years. He 
Claims that as long as the reciprocating steam engine was the only 
‘ype of prime mover the locomotive was also well up in the front 
rank ol progress, and it is only since the introduction of the steam 
turbine and the internal-combustion engine that the efficiency 
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\ are number ol iceidents have Det ised 
grate I King pparatus nd thie report recommends 
grate cer be applied to all coal-burning locomoti 


the other recommendations the following may be cite 


11 


That power-reversing gears be applied to all locomot 


air-operated power-reversing gears 
the operating 


of air failure steam may be quickly 





ings of the gag 


valves conveniently locates 


have steam connections 


O arranger 


ls 
used to operate 


ives 
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at all locomotives, where there is a difference between the read 
re cocks and water glass of two or more inches under 


any condition of service, be equipped with a suitable water column 


to which shall be attached three gage cocks and one 
with not less than 6 in., preferably 8 in., clear reading, and one water 


glass with not less than 6 in., prefer on the 


left side or back head of the boiler. 
Feb. 24, 1923, pp. 473-474, 4 figs., 


ably 8 in., clear 1 
(Ra lway Age, 
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Is THe Stream Locomotive Out or Date? L. G. Coleman. 
This question is raised by the author who is assistant general 
manager of the Boston and Maine Railroad. His thesis is essen- 
tially as follows: 

The steam locomotive today is probably the most uneconomical 
and unsatisfactory machine in industry. In recent years enor- 
mous improvements have been made which have very much in- 
creased its efficiency as far as power production is concerned, but 
these same improvements have so increased the cost and difficulty 
of maintenance that the time lost in terminals practically wipes 
out savings due to fuel economy obtained by modern devices and 
increased unit power. 

The inherent weakness of the steam locomotive is its boiler, 
since when the boiler is out of commission the whole lox 
is out of commission. The limiting factor of long engine divisions 
is usually the boiler and not the machinery, and a machin that 
is otherwise ready for service always loses time in terminals by 
boiler-maintenance conditions, a loss which can be conservativ ly 
put down at 50 days each year. 

So long as we continue to carry a portable steam boiler on each 
of our power plants there will be delays, such as washouts, hydro- 
static tests, repairs due to leakage and numerous others. 

The author believes that this situation can be made better by 
the use of Diesel engines than by electrification and gives the follow- 
ing calculation as to the former. A modern Santa Fe type loco- 
motive with fully loaded tender weighs approximately 283 tons 
and will develop, say, 1800 kw. To produce the same useful out- 
put by Diesel-electric drive requires a brake horsepower of about 
2600, which at 60 lb. per hp. means one or more Diesel engines of 
an aggregate weight of 78 tons, one or more generators not over 
12 tons, a chassis to carry this load, say, 40 tons, or a total weight 
of 130 tons, to which, say, 20 tons should be added for radiation 


and accessories. 


omotive 


The possibilities in design are so varied as to offer many opportun- 
ities for economies, such as the use of three or four Diesel-engine 
generator sets mounted on a single chassis which would permit a cer- 
tain freedom of electrical combinations as to voltage and amperage. 

In the discussion which followed the present-day locomotive 


was vigorously defended, and, in particular, the great value of 
improvements was pointed out. Thus, it was stated that super- 
heaters are reported to have saved their first cost in from two to 


three months, feedwater heaters in from 18 months to two vears, 
brick arches in a month, and that boosters save their cost in in- 
creased tonnage revenue in from 15 days to three months. 

Among other things advocated by the author is the formation 
by the railroads of the country of a joint bureau for research. 
(New England Railroad Club, Jan. 9, 1923, original paper pp. 190 


ye 


199 and discussion pp. 199-239, illustrations in the discussion, g 


DreseL-E.Lectric Raitroap Car, Prof. P. Ostertag. Descrip- 
tion of a railroad car intended to operate light trains and built 
by the Sulzer Brothers at Winterthur. 

The car is equipped with two trucks, one of two and the other 
of three axles. The three-axle truck carries the Diesel engine and 
the electric generator, which latter is connected to the motor by 
a flexible coupling. The two-axle truck carries two electric motors 
acting on the driving shafts. They are located in a cast-iron casing 
and operate, through gear wheels, layshafts connected by cranks 
to the driving shafts. 

The machinery of the present installation is much simpler than 
that used before. The crankshaft of the six-cylinder motor is in 
the longitudinal axis of the car, while the camshaft is parallel to 
it and runs at half the engine speed. The cylinders are in V, the 
exhaust pipe being located between the cylinders and the fuel tank 
on top of it. The Diesel engine is designed to produce 200 hp. at 
440 r.p.m., but may carry a load up to 250 hp. for a short period 
This gives the car a speed of 70 km. (43.5 miles) per hr. and 60 km. 
(37.28 miles) with a 30-ton trailer. 

The operation of the engine has been simplified and air is no 
longer used for fuel injection, the atomization of the fuel being 
effected by means of a part of the explosion gases themselves. As 
the fuel vaporizes rapidly it ignites spontaneously without the 
help of either a magneto or hot tube. The compressor of the or- 
dinary Diesel engine is therefore eliminated. 
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Even starting is effected without compressed air, the generator 
being fed from a set of storage batteries and acting then as a motor. 
The cooling water of the cylinders operates in a closed cycle, the 
hot water being carried by a centrifugal pump into a tubular rad- 
iator located on the roof of the car. Means are also provided for 
varying the surface available for cooling in accordance with the 
air temperature; in winter the hot water is used for heating the 
ear. A thermometer placed in view of the engineer permits hin 
to control the temperature of water at all times. 

As regards the electrical part of the equipment, it is stated that 
the current is generated by an eight-pole machine with separate 
excitation and having a continuous output of 140 kw. at 300 volts 

The current to the traction motors is supplied through a Ward- 
Leonard distribution. The Diesel engines operate at constant 
speed and full load irrespective of the speed of the car, which in 
sures the minimum consumption of fuel. The traction motor 
are of the series type with six main poles and six interpoles 
Numerous devices described in the original article are provid 


for insuring safety of operation. For example, the enginee: 


1 


cannot release the controller, as the circuit opens 


the instant | 
does so. These devices in the main do not differ, however, fro 
similar apparatus used on high-speed electric traction lines 
America. Numerous tests in Switzerland have shown the simplicit 
Among othe 
things it was found that on down-grade stretches Diesel engi: 
could be shut off, giving an additional economy in the consumpti 
of fuel. The fuel costs generally were found to be very low 
compared with similar steam equipment. It is claimed that tl} 
cost of operation of the Diesel-driven railroad car is much low 
than that of a gasoline-driven car and that in addition a hea‘ 
oil equipment is safer from the fire hazard point of view. (B 
Tech g ie de la Suisse Romande, vol. 49, no. 2, Jan. 20, 1923, 


21-26, 9 figs., d 


of operation and re liability of the new equipment 


SPECIAL MACHINERY (See Power Transmission 


TESTING AND MEASUREMENT 


VAN West PortaB_e Ser ror TestinG Gearine 1) 
of an apparatus developed in Holland which can be used 
the gears in place, provided it is found convenient to measur 


axial pitch of the helical teeth rather than the circumferent 
The apparatus consists of a round bar, denoted by A in ] 
7 and 8, anda square steel bar. 


cut parallel to the axis, and serves as a bed over which the me 


The square bar is fixed in a 


devices can be moved. With the pinion and wheel in true 
ment, this square bar will always be parallel with the axes « 
wheels when the bar A is placed as indicated in Fig. 8. The | 
is magnetized, and thus fits itself in between the wheels, and is 
firmly without risk of distortion. A rod C, which ean be ela: 

by a set screw, as best seen in Fig. 7, serves to adjust the ar 
position of the magnetized bar by abutting against the pinior 
as indicated in Fig. 8. On the square bar a block, B, is ar 
to slide. This block carried the two fingers, EF and D., « 
shown in Fig. 7. The finger £ can be clamped at any desired 
of the rod F by the milled head shown, while the finger D has 
piece which abuts against a dial micrometer as indicated 
fingers can be rotated around or with their supporting rod, F, 


is secured by a clamp, as shown in Fig. 7. An adjustment - 


vided at H for bringing to zero the indicator of the dial mic1 r 
G. If the whole apparatus is pressed in an axial direction, t! I3 
of both fingers come into contact with the flanks of conse ultlve 

and the reading of the dial micrometer is recorded. <A sec et 
of readings is taken after shifting the apparatus one pitch iOl rd 


the operation being repeated till a complete record is obt 
Mr. Van West states that in the case of a pair of smoothly 1 
marine gears, on which he made measurements as above d d, 
the greatest difference found in the axial pitch was only 0.03 

or about 0.0012 in. 

The device can also be used for testing the teeth of pinior re 
being put in place. To this end the pinion is laid on a flat ice, 
as indicated in Fig. 10, and the bar A held between the pinion and an 
angle plate, the measurements being made as before. For testin 
the alignment of gears the apparatus is placed as indicated in l'ig- 


3 


gs 
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9, and the bar turned round until one end of the edge of the square To locate a cavity within the metal the stereoscope is used. In 
bar touches the teeth. A feeler gage, inserted under the other end, making a stereoscopic examination the area to be radiogr ipl ed is 
neasures the error of alignment. (Engineering, vol. 115, no. 2977, arranged so that the center of the area, the center of the film, and 
lan. 19, 1923, pp. 74, d the target are in line; then the bulb is moved 3 em. (1.18 in.) to 
one side of the center line and the exposure made. A second nega- 

RADIOGRAPHY OF MetTraLs aT WATERTOWN ARSENAL, H. H tive is made with the bulb 3 em. (1.18 in.) to the other side of the 











Lester. Of interest because of the pioneering nature of the work center line. These two negatives after development are placed in 
d unusual completeness of the apparatus available. a stereoscoy » arranged that the films may be as far from tl 
The radiographic process is essentially a photographie process as they were from the target of the bulb when the exposurt 
e metal to be radiographed is exposed between the target of a made When the ichine is properly adjusted the pictur 

lidge X-ray bulb and the photographic film. After exposure out in bold reli The surface markings and structural det 
negative is developed in the ordinary way. The photograph — serve to outline the picture, and the faults appear in their 
ned is unlike an ordinary photograph in that the latter is places within the material. The picture is quite striking 
or to the radiograph in the greater amount of surface detail the illusion of looking at a transparent model of the casting 
diograph, however, in addition to some surface detail show reversing t ! t t} model may be turned cor 
D ire details of both surfaces which can be secured with the he « 0 
| t | t 
od to other { t 
- , : ( ( 
Y 1 7 £ D ~ ) | 210 
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Ss, THERMODYNAMICS 
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1d which 
‘ 1 greement with previous work, to- 
s Se Sey ame v tne concordance oT the obser i- 
“pee ‘ es lien af She ameethin I 
Fics. 7 70 10 Tue Van West Gean-Toorn Testing Appiianct es the knowledge of the specific heat 
a much firmer basis than before. 
1 only by taking two pictures from two sides; further, the rABI ARIAT IFIC HEAT OF AIR WITH TEMPERAT 
ra raph shows details of internal structure which the ordinary FROM EXPERIM PARTINGT IND W HILLIN 
raph does not show at all. In a radiograph white spots ; 
: : pact : . ss } 4.952 f 4 
re] nt thin metal. This may be due to the presence of cavities j S7 9 4.98 74 
a _ . . 17 | i4 l ri 4 
try of the casting. Unfortunately, the majority of the 7 1788 7039 
tions in the original article cannot be reproduced, thus mak- Oc 5.< 1. 389 ot 7.084 
— L.d34 130 Ft 
ng possible to abstract certain parts of considerable interest. : 89 1.385 
" liograpl V it is Important to know through what thickness ’ 6 . 1.379 2 
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7 is the question of their detectability. Experiments carried 


i e Laboratory of the Watertown Arsenal indicate that where CLASSIFICATION OF ARTICLES 


r dimension of the flaw, i.e., the dimension parallel to 
re he of the X-ray beam, is approximately equal to 1'/2 per cent Articles appearing in the Survey are classified as c comparative; 
08, o! the total thickness of the metal in the region adjacent to the d descriptive; e experimental; g general, A historical; m mathe- 
lan flaw, e image may be distinguished. For practical working con- matical; p practical; s statistical; ¢ theoretical. Articles of especial 
ditio detectability is placed at 2 per cent, which means that a merit are rated A by the reviewer. Opinions expressed are those 
Fig. Cavity 0.05 in. in diameter can be detected in metal 2.5 in. thick. of the reviewer, not of the Society. 
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design ol Where may a spe fied tvpe of apparatu iM 
obtained? Where may plans for laboratory construct ind 
ideas about special equipment be had? What are the best sources 
of certain chemical or other supplies for research? These are 
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A\—ReEsSEARCH RESULTS 
researc] nformation which has heen « mplete 1 tog a résume f reser } 
resull h formulas or cu where h may be readily given, and to report 
ré n arc] which the opinion of the investigators do 
not r {a pap 
At t A1-23 PREPARATION OF LiGHuT ALUMINUM-CoPPER Cas 
Auutoys. See Non-Ferrous Metals Az 
( nA 3. Prorective Metra. COATINGS FOR THE Rustp1 i 
ING OF IRON AND STEEI 1 ubject is thoroughly covered by Cir- 
cular No. 80 of the Bureau of § dards, the second edition of whicl 
has just been issued rhe nature of metallie corrosion 


ciples underlying methods of prevention are discussed 


duction. Then follow chapters on types of coatings and method 
application, microstructure with numerous micrographs, preparatior 
of surface before coating and accompanying effects upon the mechanical 
properties of the steel, methods of testing coatings, and finally recom- 
mendations concerning different methods A selected bibliography on 
corrosion and its preventive metallic coatings is given as an appendix 
Apply to the Superintendent of Documents, Government Printi 

Office, Washington, D. ¢ Price 20 cents 

Elect j Utilization A1-23. Exvrcrric Brass-FurNACE PRA i See 


Non-Ferrous Metals A1-23 
Product A1l-28. Moisture-REesIstaANt COATINGS FOR Woon. 
Technical Note No. 181 recently issued by the Forest Products Labora- 
tory, Madison, Wis., describes an interesting investigation of the relative 
merits of the various methods now employed for coating wood to pro- 
tect it from moisture. In a table at the end of this report 17 methods 


of coating wood are rated according to their efficie ney 


Materials and Methods A1-23. 
See Non-Ferrous Metals A1-28. 


Foundry Equipment, Evectric Brass- 


FURNACE PRACTICE. 


Framed Structures. A1-23. COMPRESSION TESTS OF SrrRUCTURAL-STEEL 
ANGLES. ‘This article presents the results of compression tests of 170 
structural angles, made at the Pittsburgh branch of the Bureau of 
Standards. The object of the tests was to determine the ultimate com- 
pressive strength of angles fastened at the ends in such ways as would 
closely correspond to their connections in the construction of transmis- 
sion towers. There was also tested a series of angles with square ends. 

An end fixation factor was found to represent satisfactorily the effect 

of different types of end connections. 

This paper was prepared by A. H. Stang and L.R.Strickenberg. It 

is known as Technologic Paper No. 218 and may be obtained for 10 

cents from the Superintendent of Documents, Government Printing 

Office, Washington, D. C. 
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Coat ANALYSES FROM TWENTY-FIVE LABORATORIES Com- 
The Bureau of Mines has recently conducted a study of 
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Fluid Flow B1-23 
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FLow oF Air THrovuGuH Oririces. See Fluid Flow B! 

FLow oF Air THrovuGH Ortrices. Under the directio® 
of Associate Professor J. A. Polson of the department of steam eng! 
neering of the University of Illinois an investigation the ve 

subject is now under way. Special apparatus has been designed ane 
built for the tests by F. W. Martin and F. C. Linn. 
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Phe air is being weighed in the air weighing plant and } ed through | BIBLIOGRAPHIES 
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er In a fixe d vise wer the peo end ee { = Therefore the sole proviso in our experiments is that for material 
ovable carriage o \ els ‘apsts ¥ ) he : . 
1 mova hd on Vv ee _ 4 po pos rum on the such as iron the radius of curvature must be large as compared 
, . yo +g an eile , ous Hs, ‘ ” ae over with the height of the cross-section. The curvature its lf may not 
iu tl » » » ‘ " ‘ S . y arta « S . . ~ 
- , hee { ™ oon rr } am “ait fg tai uM ee ‘ A be large, but in that case the height ol the cross-section must be 
Sight initis flection » produce & y weights 
a te efle ction ae ¥ pre ees by rere we ry it ‘ae exceedingly small. It follows that because of convenience we shall 
a 5 conggeonrin the nr 7 t pat pager e reac - ‘a be obliged to experiment with thin strips of metal where the dis- 
Ali) | M I ‘oo , Ss 1 > f » , € f > . . . . . . 
new « 4 - 1g at aa ry . “8 ‘ . oe une a7 and “ tortion of the cross-sections must be taken in consideration. 
ley it] » str , ‘termined. , av » sure : ° , : 
hay | = : : - 2 non meapenies —_— V = ae = pe As is well known, an elongation e in one direction causes a con- 
eed Climing » ths s ) Trors o = . sts = J ° ° , . . 
“ts iminated initial position errors if f constant traction in perpendicular directions equal to e/m, 


tic materials, of course), 


Garden City, L. I., N. Y. 


EDWARD ADAMS RICHARDSON. 


where m 
Thus [see Fig. 1 (b)] on the convex side with 
respect to the elastic line the cross-section will be subject to lateral 


IS 


Poisson’s ratio. 
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contraction and on the coneave side, where the longitudinal fibers 
are under compression, there will be lateral dilatation in the plane 
of the cross-section. As a consequence the cross-section distorts 
as shown in Fig. 1 (6); the neutral axis cannot therefore remain 
straight and it is easy to see that its curvature will be 1/mp. Until 
the width + of the cross-section is of the same order as the height 
h and h/p is a small quantity, the additional deflection due to this 
curvature will be a small quantity of second order, which can be 
neglected. In this way the fact of the bending of the neutral axis 
will not interfere with the assumption that the cross-sections re- 
main plane. 

2 Now consider a thin, wide strip bent as shown in Fig. 2 
The full lines of Fig. 2 (6) are the boundaries of a cross-section befor 
bending, and if we apply the foregoing considerations w« 
arrive at the conclusion that the cross-section distorts as 
by the dotted lines. 


Sha 


‘ 
shown 


Experiments, however, show that this is not the ease. It will 


>_—+ 














Fic. 2 


be found that the middle part of the cross-section remains as before 
and distortion occurs practically only near the edges as shown in 
Fig. 2 (d). The reason for this behavior is plain. We must not 
forget our fundamental assumption, which is that bending con- 
sists of a rotation of the bar elements around the neutral axis and 
that the elements of a plane cross-section before bending remain 
in a plane after bending. This hypothesis has been proved to be 
substantially true for straight bars of constant cross-section. 
This being the case, it is evident that the neutral axis must remain 
substantially such a straight line as, for instance, z-r, Fig. 2 (b). 
Now it will be seen that if the distortion of the cross-section is as 
assumed in Fig. 2 (6), the parts d, d, will lie entirely in the tension 
zone. If we then cut a longitudinal strip from the bar near its 
edges, as represented in Fig. 2 (c), the cross-sections 1-1 and 2-2 
will be subject to tensions only, whose resultants are the forces P. 
Their resultant is the force R, which evidently prevents the cross- 
section through the strip from curving upward as assumed in Fig. 
2 (6). This at once explains why the distortion of the cross- 
section is more like that shown in Fig. 2 (d) and also confirms the 
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statement that the fundamental hypothesis of bending is sub- 
stantially true. 

Since then in the bending of a thin, wide strip the CTOSS-S¢€ ction 
with a negligible distortion at the corners) remain substantially 
as before, whereas our theory requires a pronounced distortion. it 


rl } } 


is evident that Equations [2] and [3] should be modified. 
Returning to the case of Fig. 1, it is clear that the distortion ¢ 
the cross-section will be prevented by applying in its plane th 
forees shown in Fig. 1 (ce These forees in affect th 
Thus for a fiber c-c, Fig. 1 (a), » elongation du 
to thé longitudinal stress p alone would be p/E. On this ther 
be superimposed a contraction due to the stress macting i 


long 
tudinal strain. 


plane of the cross-s¢ ction, and this contraction is 


nula that should be 


If Wwe take 


Hence in experiments 01 
Equation [3 
=o 
high. 

3 Now Equations [3] and [5] 
bending in two extreme 


1 thin strips of comparatively great 
will give a value for £ which is about 10 per cent 
furnish solutions of the prob! 
For intermediate cases m 
tailed consideration of the distortion of the cross-section 
essary. 


Cases. 


To give the complete theory of these probli ms wou 
beyond the scope of the present communication. 

For the sake of completeness, however, the writer wishes 
that in the case of a strip acted upon at its terminal cross- 
ther i y ] 


Is obtaInNed I 


by equal and opposite bending moments, 
of Equations [3] and [5] 


in which the quantity & is a function of the radius p, tl 
h, and the width 6 of the strip. 
in the table by low 


\ number cf values of 


1x7} 
wnere 


z2.U 


0.999 0.995 0.975 O.S77 O.818 0.725 


yd, 0.534 0.420 
For example, for h = 1mm. and p = 500 mm., we obtain, f: 

Bb = 3; the value of k for Bb = 3, as given in the table, 

Substituting this value in Equation [6] gives— 


El m?* - 


0.725 EI 
p m*? — 1 p 


M = 1 + 0.0272) 
that is, Equation [3] would give a radius of curvature ab« 
per cent too large. 
The table therefore enables us to estimate in what cases Equation 
[3] can be used without material error in calculating E from the 
experiments with strips. 
S. TrmosHENKO. 


Philadelphia, Pa. 











Work of A.S.M.E Boiler Code 


"HE Boiler Code Committee meets monthly for the purpose of consid- 
ering communications relative to the Boiler Code. Any one desir 


information as to the application of the Code is requested to communi- 





» with the Secretary of the Committee, Mr. C. W. Obert. 29 West 39th 
New York, N. Y 

e procedure of the Committee in handling the cases is 

ws: All inquiries must be in written form before they ar 
pted for consideration. Copies are sent by the Secretary of 
Committee to all of the members of the Committee. The 


pretation, in the form of a re ply, is then pre} ared by the Com- 


e and passed upon at a regular meeting of the Committee. 
interpretation is later submitted to the Council of the Society. 
pproval, after which it is issued to the inquirer and simultan- 
MECHANICAI 
+} 
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ow is given e interpretation of the Committee in Cas 
$11, as formulated at the meeting of Januarv %. 1923. and 
ved by the Council. In accordance with the Committee's 
the names of inquirers have been omitted 
Case No. 411 
Par. 212c which permitted increasing the pit 
ts ¢ lindrical surfaces over that required for flat plates 
yout two years ago, been held in abeyance pending the r 
f the Boiler Code, but nothing has been left in its place 
v of this, what rules should be followed pending the public 
the re vised Code 
It has been proposed to revise Par. 212¢ as follows, and 
mittee recommends to the state inspectors that thi ec 
ed in place of the rules now given in Par. 212c of the Code 


212 d For furnaces over 38 in. in outside diameter of verti- 


re-tube boilers and other types of furnaces and combustio1 


ers not ct which have 


rvered by special rules in this Code, 
sheets sul wect 


to external pressure, that is, pressure on the 


side, the staying, both circumferential and longitudinal, 
provided for in accordance with the following formula 
Cr a 
P 1 950 
/ PR 
W » and the value of C are as given in Par. 199, p shall not ex- 


I’, and p? shall not exceed 0.008 CTR 
per 


a total stress 


stay } 


7500 lb 


1e prod ict of t} e 


7 : , 
sq. in. In olts shall not exceed 


stress 
obtained by multiplying t 


tod 


erential and longitudinal pitches by { P 250 


Second Revision of A.S.M.E. Boiler 


Code, 1923 


\ ARING is held by the Boiler Code Committee at least 
‘ e in four years, at which all interested parties may be beard, 
that such revisions may be made as are found to be de- 
sira as the state of the art advances. The year 1922 became 
the iod of the second revision and the Boiler Code Committee 
held « Public Hearing in connection with the recent Annual Meet- 
25. ing of the Society in December, 1922, to which the membership of 
the Society and everyone interested in the steam-boiler industry 

Was invited to attend and present their views. 
For the convenience of every one interested, a printed schedule 
of the various proposed revisions had been published and distributed 
to all those who were invited to attend the Public Hearing and the 
Opportunity was given thereat for the most careful consideration 
of all of the proposed revisions. As a result of the suggestions 


tion ; . " ~~ ° 

the received at the Public Hearing, a number of modifications of the 
previously announced revisions were offered and in addition sug- 
gestions were received for still further revisions of the Code. All 

). 


of these suggestions for modifications and new revisions have been 
carefully considered by the Boiler\Code Committee and the result 


Committee 


published 

| the re ( the ( ’ 
yest chang ( ig fi | )! ind ( 
ented to the | ppr Discussior ild be mailed 
to C. W. Obert, Secretar eB Code Committ 290 Wi 
9th St., New \ N. } nsid 
by the Boiler Code ¢ ( 

Phe I sions lt ted T paragT ! 
ippearing in the 1918 Ed \.S.M.E. Boiler Code, and 
the paragray f pal rapl nilar 1 I 

4 editi } ‘ ot ] . 
re d 

Modifications of Revisions 

Par. 9 App i 
| IuLy 1922] \] | } ( 

SEAM S 1 \ y | 

OTHER PRESSURE PAI Ol 
PIPES CONI MT HE § VI ‘D SI 
s AND WROUGHT-II ED rH 
OUTSIDE DIAMETER ¢ UBES ES Ni XCEED 20 
| 19 CANCI SED REVIS : i i ) 

HE DECEMBER 1922 Isst \I | INI 
] 21 REPLACE RI ED FORM D DECEMBER 1922 
ISSUE OF MECHANICAL ENGINEERING WITH THE FOLLOWIN( 

21 7 es for Wat -Tul B é Che iximum allowablk WOrkK- 
ing pressures for STEEL OR WROUGHT-IRO) es used in water-tube 
boilers, shall be for the various dia rs and gages measured by 
Birmingham wire gage, as given in Table 2. REDRAWN PIPE Not 
rO EXCEED 1 IN. S PIPE SIZE WHICH MEETS THE PIP! 
SPECIFICATIONS, MAY BE USED FOR WATER-TUBE BOILERS FOR A 
WORKING PRESSURE Ni rO EXCEED 200 LB. PER SQ. IN.. WHEN 


SCREWED IN THE SHEET, PROVIDI HE WALL THICKNESS I8 AT 
LEAST 50 PER CENT GREATER THAN THE WALL THICKNESS REQUIRED 
BY TABLE 2. THI XIM BLE WORKING PRESSURES 
FOR COPPER TUBI IN WATEI LERS SHALL BE FOR THE 
VARIOUS DIAMETERS AND GAGES MI RED BY BIRMINGHAM WIRE 
GAGE AS GIVEN IN TABLE 2 BUT N¢é O BE USED FOR PRESSURES 
rO EXCEED 250 LB. COPPER TUBES SHALL NOT BE USED WITH 
SUPERHEATED § 
2 S t 4 
3 5 ) 250 25 
4 2 242 250 2 
14 184 218 
Maximum allowable working pres 
Ib. per sq. in 
Thickne of tube wall, in 
Outside diameter of tube, in. 
Par. 185 App THE FOLLOWING TO THE REVISED FORM PRINTED IN 
THE DecEMBER 1922 IssUE OF MECHANICAL ENGINEERING: 


WHERE PLATES ARE PLANED OR MILLED DOWN IT SHALL BE FOR 
THE ENTIRE CIRCUMFERENCE OF THE JOINT, AND THE FILLET AT THE 
EDGE OF THE PLANING SHALL BE NOT LESS THAN I IN. RADIUS. 


Par. 194 REVISE PARAGRAPH AS PRINTED IN AvuGusT 1922 
ISSUE OF MECHANICAL ENGINEERING TO READ AS FOLLOWS: 

194 The longitudinal joint of a dome 24 in. or over in inside 

diameter shall be of butt and double-strap construction or made 

without a seam of one piece of steel pressed into shape, and its 

flange shall be double-riveted to the boiler shell. IN THE CASE OF 


"Nore: added matter; Matter in smaller type in 


brackets—to 


Matter in caps 
be deleted 
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A DOME LESS THAN 24 IN. IN DIAMETER, FOR WHICH THE PRODUCT In Fig. 20'/s, turn this figure upside down and cross-hatch an 
OF THE INSIDE DIAMETER AND THE MAXIMUM ALLOWABLE WORKING _ revise so that the cross-section of flanged manhole frame will hay 
PRESSURE DOES NOT EXCEED 4000 IN. LB., ITS FLANGE MAY BE SINGLE — a curved line representing the lower edge of plate around hole. 
RIVETED TO THE BOILER SHELL AND THE LONGITUDINAL JOINT MAY Oe Se a ae 
BE OF THE LAP TYPE PROVIDED IT IS COMPUTED WITH A FACTOR OI saan Gann da ier dines numeri arg giana 
SAFETY NOT LESS THAN 8. Pt ye vie sis 


’ LOWING 
WHEN A DOME IS LOCATED ON THE BARREL OF A LOCOMOTIVE- 


261 The strength of the rivets in shear on each side of nant 
rYPE BOILER OR ON THE SHELL OF A HORIZONTAL-RETURN-TUBULAR  , ~~ ciatagtectt scx aaa Reampenhocivltshishn ahcamiiees ds 
lrame r ng reintoremg® MAN I Ss R Ol ER PENINGS SUCI 
BOILER, THE DIAMETER OF THE DOME SHALL NOT EXCEED SIX- ee er sees isa nige nine ndliaancscageeleay ; 
rHOSE CUT FOR STEEL NOZZLES AND BOILER FLANGES OVER 3 
rENTHS THE DIAMETER OF THE SHELL OR BARREL OF THE BOILER 
PIPE SIZE shall be at least equal to the tensile strength of 
{LL DOMES SHALL BE SO ATTACHED THAT ANY WATER WHICH 
mum amount of the shell plate removed by the ope 
ENTERS THE DOME ALONG WITH THE STEAM CAN DRAIN BACK INTO = 
HE BOILEI holes for the reinforcement on any line parallel 
i BO be ; 


axis of the sl through the manhole, or other open) 
FLANGES OF DOMES SHALL BE FORMED WITH A CORNER RADIUS, ms e shell, gh the manhole, or « 


MEASURED ON THE INSIDE, OF AT LEAST TWICE THE THICKNESS O1 Par. 268 REVISE FIRST SECTION OF FORM PRINTEI 
THE PLATE FOR PLATES | IN. THICK OR LESS, AND AT LEAST THRE! 19029 issup oF MECHANICAL ENGINEERING 


rIMES THE THICKNESS OF THE PLATE FOR PLATES OVER 1 IN. IN LOWS 


THICKNESS. 268 Threaded Openings. ALL PIPE THREADS 


WHEN BOILER SHELLS ARE CUT TO APPLY STEAM DOMES, THE NET 7oQ THE AMERICAN PIPE STANDARD AND 


AREA OF METAL, AFTER RIVET HOLES ARE DEDUCTED, IN  FLANGI PIPE SIZE or over shall have not less than th 
AND LINER, IF USED, MUST NOT BE LESS THAN THE AREA REQUIRED 


given in Table 8. FoR SMALLER PIPE CONNE¢ 
BY THESE RULES FOR A LENGTH OF BOILER SHELL EQUAL TO THE — yg AT LEAST FOUR THREADS IN THE OPENING 
LENGTH REMOVED, ‘THE HEIGHT OF VERTICAL FLANGE EQUAL TO sin 

THREE TIMES THE THICKNESS OF THE FLANGE SHALL BE INCLUDED os weed REVISE FIRST SENTENCE OF FORM PI 
IN THE AREA OF THE FLANGE (SEE PARS. IS7 AND ISS). 1Uee Teel or MECHANI aL] eae ca 
269 Safety Valve Requirements. Kach boil 


Par. 195 Nore THE FOLLOWING ON REVISED FORM PRINTED IN 500 8Q. PT. OF WATER HEATING SURFACE OI 
DecEMBER 1922 IssuB OF MECHANICAL ENGINEERING ING CAPACITY EXCEEDS 2000 LB. PER 
Insert the word “unstayed” before the word “dished, 


word of the fourth section of this paragraph 


HOUR 


i NOTE THE FOLLOWING 
PP . ) ) N > ’ 
AR. 21l2a OTE ‘THE FOLLOWING ON REVISED FORM PRINTED | 


ECEMBER 1022 ISSUE OF 
DeceMBER 1022 IssuE OF MECHANICAL ENGINEERING 


oe Replace the 
Omit the words “exe pt handholes”’ in the 9th and 16th line 
Par. 216 Nore THE FOLLOWING ON REVISED FORM PRINTED 
DECEMBER 1922 ISSUE OF MECHANICAL ENGINEERING 

( hat ri thre figure “1 


on 


25" at the beginning of line 11, 


Par. : CHANGE THE FIRST SENTENCE OF REVISED FORM 
IN DeceMBER 1922 IssUE oF MECHANICAL ENGINEERING 
LOWS 
21S When srays ARE REQUIRED the portion of the 
the tubes in a horizontal-return-tubular boiler SHALL BE SUPPOI 
AT THE FRONT HEAD BY THROUGH STAYS WITH NUTS INSIDE AND 
OUTSIDE AND AT THE REAR SY ATTACHMENTS WHICH DIs- 
rRIBUTE THE STRESS. 
Par. 230 Nore THE FOLLOWING ON REVISED FORM PRINTED 
DiECEMBER 1922 ISSUE OF MECHANICAL ENGINEERING 
Insert the word “determined” after the word “length” in th VALS Wal 
Oth line. BY THIS RI 
Par. 231 NOTE THE FOLLOWING ON REVISED FORM PRINT! re » BOLD 
DECEMBER 1922 IssUE OF MECHANICAL ENGINEERING REVISE ADDED MATTER AT END O1 


; = sos . oO \ G CONDITIONS 
Insert the words “or rivets” after the word “staybolts” in the WHERE THE OPERATING CONDITION 
16th line VALVE CAPACITY SHALL BE INCREASED, I 


Par. 239 NoTE THE FOLLOWING ON REVISED FORM PRINTED In EW CONDITIONS AND BE IN ACCORDANCE WITH 
DECEMBER 1922 ISSUE OF MECHANICAL ENGINEERING Par. 278 REVISE ADDED MATTER OF FORM PRIN 
Add the words “‘or flame”’ to section a-4. 1922 ISSUE OF MECHANICAL ENGINEERING AS FO 
EACH VALVE SHALL HAVE AN OPEN DRAIN THROUGH 
BELOW THE LEVEL OF THE VALVE SEAT. TOR VALV1 
2 IN. PIPE SIZE, THE HOLES SHALL BE TAPPED FOR DRI 


Par. 247 REPLACE THE REVISED FORM PRINTED IN JULY 1922 
ISSUE OF MECHANICAL ENGINEERING WITH THE FOLLOWING 

247 Where NO RULES ARE GIVEN and it is impossible to calculate 
with a reasonable degree of accuracy the strength of a boiler struc- 
ture or any part thereof, a full-sized sample shall be built by the 
manufacturer and tested IN A MANNER TO BE PRESCRIBED BY THE 
BOILER CODE COMMITTEE AND in the presence of or more representa- 
tives appointed to witness such test. 


THE CASE OF FIRE-TUBE BOILERS, THE BOILER OPENINGS FO! 
VALVES SHALL BE NOT LESS THAN THOSE CORRESPONDIN( 
EVAPORATION OF 5 LB. OF STEAM PER HOUR PER SQ. FT. Ol 
SURFACE AND TO SAFETY VALVES HAVING THE INTERMEDI 
AND CORRESPONDING RELIEVING CAPACITIES GIVEN IN TABI 


Par. 280 REVISE LAST LINE OF FORM PRINTED IN DECEM! 
ISSUE OF MECHANICAL I-NGINEERING AS FOLLOWS: 
DIAMETERS Of [all of] the safety VALVE CONNECTIONS AN 
ALSO MEET THE REQUIREMENTS OF PAR. 278. 
Par. 281 {EVISE SECOND SENTENCE OF FORM PRINTED IN 
BER 1922 1ssuE OF MECHANICAL I;NGINEERING AS FOLLOWS 
To close after blowing down not more than 4 PER CEN’ 
Par. 260 Nore THE FOLLOWING ON REVISED FORM PRINTED IN SET PRESSURE, EXCEPT FOR WORKING PRESSURES OF 50 LB 
DrceEMBER 1922 IssuE OF MECHANICAL ENGINEERING: IN. OR LESS, IN WHICH CASE THE BLOW DOWN SHALL NO! 
Omit the words ‘‘when used”’ in the first line. 2 LB. PER SQ. IN. 


Par. 253 Nore THE FOLLOWING ON REVISED FORM PRINTED IN 
DECEMBER 1922 ISSUE OF MECHANICAL ENGINEERING: 

Revise fifth line of the first section to read: DIAMETER FOR 
{thicker ] MATERIAL [not ] MORE THAN °/,6 [5/s] IN. THICK. 

Insert the word “such” before the first word “holes” in the 
second section. 
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ST Nore THI OLLOWING ON REVISED FORM PRI Pi | AY BI PLIED DII Y TO THE BOILER § 
| BER 1022 UE OF MECHANICAL ENGINEERING URI 
ce the bod he { li with the word ‘‘ 0 \I ( BE USING HE A'S.M_] ’ 
, . Bk GIV RE¢ {BER I Dery \ ( ~ 
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Miecu | 
obtaining the stamp to be used when boiler re 
—_F . ; 2 ‘8 . ', ; 
ted to conform with the A.S.M.E. Boiler Cod tate New Revisions of A.S.M.E. Boiler Code. 1925 
F3 nicip Inspector ran inspector emploved regu 
a Ra rae Par. 22 R 
ct co ) \ \\ l rized oO ! lli- 
the | 1} "es 
l mt \ bey dt - 
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i) 
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Li et | 
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) 
Y TESTED BE! E SHIPMENT, THE PROPER ‘GS I) 
) AT THE SH \D TWO DATA SHEETS SIGNED j 
VIDED BY E SAME OR DIFFERENT INSPECTORS COV} | 
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ISTERI NI Bl 
7 ONS SPECI] ONS Ol Mf 
- SM. MI t serial number WHICH MAY BI COPPE] scien ae een 2 : ,' 
FACTURER 8 SERIAL NUMBER. COPPER BOILER TUBI WILI bet INCLUDED FOLLOWING [OSE O} 
<a : , rHE AMERICAN Society FOR TESTING MATERIALS, SERIAL DESI 
wore & , NATION B 13-15 
; ol manutacturer., PAR l Q REVISED: 
{ ' orking pressure when buil zs so ; : 
ie dmum working pressure when built. 179 Maximum Allowable Working Pre e. The iximun 
' \\ E! S 34) , 
rER HEATING SURFACE IN 8Q. FT. allowable working pressure is that (at which a boiler may be oper- 
yr J t number 


ated as dk te rmin¢ d by employing the lactors ol safe ty stresses. and 


6 \ put in service. 


It 19 


he Gp 


dimensions designated in these Rules. 


3, 4, and 5 to be stamp d at the shop where built. (Remainder of paragraph unchanged 


is to be stamped by the proper authority at point of 
EM installation 
PorTasi E 


Ty 
INGS A 


REVISED: 
On traction, portable or stationary boilers of the locomotive 
type or Star water-tube boilers—on the furnace end, above the 
, $0 X 4 IN, SIZE WHICH SHALL BE, AS NEARLY AS PRACTICABLE, IRRE-  handhole. Or TRACTION BOILERS OF THE LOCOMOTIVE TYPE 
MOVABI Y THE BOILER NEAR THE WATER-COLUMN ON THE LEFT WRAPPER SHEET FORWARD OF THE DRIVING WHEEL. 
ALL OTHER BOILERS MAY HAVE THE STAMPINGS SO ( 


Par. 333c 
BOILERS OF 100 HP. OR LESS SHALL HAVE THE STAMP- c 
HEREIN PROVIDED APPLIED ON A NON-FERROUS PLATE 3 IN. 
ON 


FASTENED TO 
“ONNECTIONS. 


nliinued on page 273 











264 








MECHANICAL 
ENGINEERING 


A” Monthly Journal Containing a Review of Progress and at- 
tainments in Mechanical Engineering and Related Fields, 
The Engineering Index (of current engineering litera- 
ture), together with a Summary of the Activities 
Papers and Proceedings of 


The American Society of Mechanical Engineers 
29 West 39th Street, New York 

HARRINGTON, President 

CaLviIn W. 


JoHN LYLE 


WituiamM H. WItey, 


Treasurer t1cE, Secretary 


PUBLICATION COMMITTEE: 
GeEorGE A. 
ALEx. G. CHRISTIE 


Rapa E. 


OrroK, Chairman Joun T. WILKIN 


0. G 


FLANDERS 


DALE 


PUBLICATION STAFF: 
C. E. Davies, Managing Editor 
FREDERICK Lask, Advertising Manager 


Contributions of interest to the profession are solicited. 
munications should be addressed to the Editor. 


Com- 


By Law: The Society shall not be responsible for statements or opinions 
advanced in papers or. printed in its publications (B2, Par. 3) 














MECHANICAL ENGINEERING 








Plain Speaking 
“} ROTHERHOOD of all engineers and 
their united action in any service 
that will be for the good of our country.” 
This motto, worthy and characteristic of 
Dr. Ira N. Hollis, the 1917 President of 
The American Society of Mechanical En- 
gineers, appeared in the volume of Trans- 
actions for that year, during which he took 
his place as first chairman of the Engi- 
neering Council, an important first step 
toward the national coéperation of engi- 
neering societies. Dr. Hollis’ life has been 
given to the ideal of service: he realizes 
the need for straightforward engineering 
thought in our modern civilization, and 
he has confidence in the ability of the 
engineering profession to perceive this need and adapt itself for 
it. However, he believes that facts must be faced, and in a 
recent communication he directs our attention to the purposes 
of The Federated American Engineering Societies. We are priv 
ileged to print below a portion of this letter. Read it carefully. 
“The plain truth is that the engineers have not yet come to an 
understanding of themselves. In their own minds they have not 
yet passed out of that classification that the public has given them, 
namely, of being technical men called in to advise only on technical 
questions. A few of them have passed out of that category in the 
esteem of the public, but the rank and file are still laboring under 
the disadvantage of being simply hired men. One may well 
wonder how long this is to continue. We know perfectly well that 
we all ought to be good citizens and that we ought to have our 
share in the government of nation and city. That does not at all 
mean neglecting our professions, but it does mean giving some time 











Dr. Ira N. Houuis 


and some money toward wielding our own proper influence. 

“The Federated American Engineering Societies was organized 
as a kind of senate wherein would appear public questions. It 
sprang out of the old Engineering Council where the four oldest 
national societies got together on certain things that are common 
to all in order that they might not have to present a too great 
variety of opinions or decisions. The old Council was really the 
outcome of an effort to work together. This new society, which 
takes in local and national societies alike, holds out a prospect of 
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bringing the engineer before the public as nothing else ever has. 
If it did absolutely nothing else than to teach the American people 
the value of the engineering profession and capacity of its members 
to assist in the decision of great national problems, it would justify 
itself. The main difficulty is found in its support. Few engineers 
are opposed to it in principle, but there are altogether too many 
who do not care to put in even the small amount of dues now re- 
quired. Some societies find the total amount paid over by them 
burden and fear to lose their own members by diverting any part 
of their income to this activity. It is unenlightened in men _ to 
demand immediate personal benefit from the payment of a sn 
$1.00 or $1.50 per year, for the support of 
institution. 
benefit springing out of 
Government. We all get 
alike. 
the man who pays ten dollars gets. We 


amount, this publi 
They might as well ask for some immediate persot 
their taxes paid over to the state 
a benefit from the taxes, but not 
The man who pays a thousand dollars gets only just w 
pay W llingly becau ] 
The case of the F.A.ES 
public ment. The engi 


taxes mean the maintenance of society 


payment is the same as any asses 





has been the hired man of the ages. He is found from time to t 
in the historic period. Upon him the Egyptians depended for 
life of the population in the Nile Valley. The same 

valley of the Kuphrates and the Tigris Wherever he h 
sent, the nation has gone sieadily down hill, a 








true in 
1s beet 
nd yet he | 
up to within a comparatively recent period, had little considerat 
from the general public simply because he has had a tendency 
treat himself as purely a technical man 
recover from that in our modern days, and that is by organizati: 


The re is only one Way 


We know it. There must be a thousand other associatior 
organizations in the United States for different purposes, and 
cannot afford to become ineffective in that direction The Fed 
ated Societies, or something like them, offer us the 


only m« 
making the profession well known in its larger possibilities.” 


Safe Engineering Versus Safety Engineering 


kK ER SINCE the earliest ages n 
4 been forced to provide means tors }f- 
Primitive man fashioned 


stone which he 


protection. 
cudgels 


weapons of defense a 


used Aas 


1 4 ] 
Swell as orfense, and 


from 
for aid in self-preservation lived in groups 
with his fellow-beings. As these groups 
grew in size and men were compelled to 
depend upon one another for protection 
of the 
necessary to make laws defining the con- 
duct of the individual. 
laws the present-day safety engineer 
would call strictly ‘“‘safety-first”’ laws. For 
instance, in the Bible, the eighth verse of Wy 
the 22nd chapter of Deuteronomy specifi- 

cally interprets a building law; then again King Hamurabi 
death occurred in Babylon in the year of 2185 B.C., promulgat 
building law as follows: “If a builder build a house for a man 
not make its construction firm, that builder shall be put to di 
And so on down through the ages to our present safety codes 


group as a whole, it became 


Some of these 





The need for a safety code is usually determined by a stu 
accident causes, and since industrial development has been so 1 
what was considered a good code yesterday is obsolete today 
again, the lack of uniformity and agreement betwee n the 
states has always been an insurmountable obstacle 


takes into consideration not onl 


“Safe Iengineering”’ 
tors in design and construction but should 
operation or use. “Safety Engineering” 
and construction have failed to provide lor s: 
That it would be much cheaper to always mcorporate 
neering in construction and design cannot be 
machines of the same design, made by the 


ilso provide 


is applied where 


fety operation 


gainsaid 
ame builder 
fifty different users, if not properly guarded during constru 
will eventually be guarded fifty different ways by the pure! 
with varying degrees of efficiency and cost strictly in accord 
with the purchaser’s state of mind. Where it has been the writer's 
task to initiate the uninformed industrial plant owner into the real! 
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of safety by offering certain recommendations for safeguards as 
a result of plant inspection, one of the first questions asked is, 
“Why doesn’t the manufacturer properly guard the machine 
when he constructs it?” 

There are three important points to be considered in the safe- 
uarding of machinery: 

1 Drive belts and pulleys or drive device 
2 Moving and recipror ating parts 


J 
Point of operation 


lhe drive belts or device of any machine are easily guarded, the 


st efficient construction being of expanded metal, perforated 
etal, or woven wire, mounted on an angle-iron frame of the box 
pe and secur tened in place. Guards of this type will 
nd hard usage and repay for their cost in reduced insurance rat 
lo guard the moving and reciprocating parts invariably requires 
le more thought. Solid guards made of sheet iron are usually 
yed, although for quantity production on similar-type ma- 
es a cast guard made from a pattern is the least expensive 
e inst t ol these guards must permit of easy machine ad- 
tment and in no way interfere with efhicient operation 
The point of operation of a machine is that part where the stock 
ed in. Automatic feeds with the moving parts guarded and 
h remove the | rds inherent in hand feeding are most de- 
ble. Where hand feeding is necessary, the guard should full) 
tect the operator and expedite the work. Although the ma- 
e designer and builder can easily guard the drive device and 


ng parts of any machine during initial construction and can 


1 the purchaser because the work is done on 


roduction basis, he cannot always guard the point of opera 


because of the many and various kinds of work performed on 
me? rie for instance gate og ra tL we ild e prac- 
ol punch pre or second-operation hand-fed work, would 
or blanking work from strip stock. Particularly in small 
t il ted me nal il equl nt do tI et engineer 
vil 1 s «fl lit pre Cl Hh ‘ I er ( operation 
en the machine builder and protessional safety engine 
d gradu e this problet nd teaching safety engine 
n the t ( on nd engineering colleges should ever 
} 1 
make “‘S lengineering princi n design and 
er inst © & ] 1 engine yy | ctl ie ( ( owt 
ill thie | i 
ficiently guarded 1 give the ope zreater 
of secu there ! ng the sity « nual 
ling prevents property damage often caused by careless 
g of stock around and near machinery in motior 
guarded machines permit the piling of stock close up t 
hine and conserve floor space 
whine properly guarded makes it possible to use unskilled 
on many operations that would otherwise call for skilled 
because part of the skill or training consists in being able to 


loe lal fiir? 
reauces iabor turn 


ver by keeping 
job uninjured, thereby increasing production 
nereased shop efficiency 


WILLIAM J. 


VENNING 
Asiatic Markets for Industrial Machinery 


ke . YEARS there has been a not unfounded complaint to 


ette that the \(merican exportel does not receive t 

ount of support from his government as do his com- 
| rom then In particular, attention was called to tl 
¢ nt information service maintained for the export trade be- 


: , 
nh and German governments 


war by the Br 


situation is rapidly changing for the better is well in 


lor example, by a recent publication of the Bureau of 
Domestic Commerce of the Department of Com- 
entitled Asiatic Markets for Industrial Machinery, by 
Ws r H. Rastall, Mem. A.S.M.E. 


his book is a veritable repository of information not only on the 
ae 


I 


} 
and 


l 


resident, American Society of Safety Engineers. 
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actual export statistics but on conditions surrounding the business 
of exporters of industrial machinery to Asiatic markets, 
purchasing power and requirements 


their 
ils pri- 
marily with machinery used in and about factories and power plants, 


but includes 


TI e investigation ae 


also data on construction machinery, mining ma- 


chinery and certain other types—not, however, such specia 1 
chinery as cash registers, automobiles and sewing machin In 
addition to the more obvious features of such an investigation, an 
effort has been made to examine into the advertising, financing 
and selling metho¢ ployed | oreign competit 
successful American exporters, and certa ection rt 
needed g 

] ore T ‘ ‘ 

In ( { Dit the B l ‘ - 
retary ot I t pe i - 
ment tow progré ( i Dp t 
Asiat Ir. Rast d | pt e- 
gard to thi pment ( lering tota 
population of the « ered by this report l 
in exc nd that they have larg tural 
resoul \ 1 ment. the i} t of t rkets 

Y \r ‘ Tt? ‘ er ] ?? nm 


bordet f IS ol was also held in 
Mi ( It t thi ng convention, May 28-31, wv 
micable re e engineers of Canada and Ur 
States. The memb l-ngineering Institute of ( la é 
been invited t 1 the Montreal Branch of the Canadian 
Inst Oy ov rtedly in the plans for the eting 
| teclu progral of cou t Hydroelectrie Di 
, : ered al \I nt Ey f p \ 
, ] e | rand P | istrv. P By 
ment, il \ontreal 
Textil R I ‘] P sional D 
Power, M g t, M H rextiles, R l 
l e Divis n A 
naut 4 nd M > Pract re | ting 
pap rte! 


W be t uests of t NM h of the Engin g 
cenic 1 engineering t 1 around Montrea The 
tur { { I nt b y ul meeting 4 tl ) 
Grandmere and Quebe eing planned 

Detailed infor tion will be ind in the cur t les 
1.48.M.E. News and t t tive progra r the 1 gy 
appear | e April 7 


Bureau of Standards Report on Welded Vessels 
to Come Later 


the Mar issue of MECHANK Iu NGINEERING, Pp 0 . t 
et n received by the A.S.M.E. Boiler Code ‘ iittee 

ind its presentatior sarily be deferred to 

It is hoped that it be possible to prese1 comp! . 

port on this most interesting d valuablk es ¢ 


Erratum 
N extracts from the U.E.S. treasurer’s report for 
in the March issue of MecHANnicaL ENGINEERING, } 2 
cash on hand as of December 31, 1922 was inadvertently stated as 
amounting to $138,294.27. The figure should have been $32,754.89. 


] 


1922, printed 


page 205, the 
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Dr. M. A. Hunter Presents Facts About High- 
Temperature Alloys at Newark Meeting 
[Hl requirements of electric heaters, valves for internal-combus- 

tion engines, containers for high-temperature furnace work and 
steam boilers for use with high superheats have made thi 


Pe S ol 
I I 


subject of | igh-temperature alloys of great interest to mechanical 


engineers. The Metropolitan Section of the A.S.M.E. held a 
meeting on this subject in Newark on February 13 which was 
uldressed by Dr. M. A. Hunter, professor of electrochemistry 


laer Polytechnic Institute. Dr. Hunter pres 


facts wl ich 


nted man 


are ol importance to those engaged in work of thi 


nature mentioned. 

The line between high- and low-temperature alloys may be 
roughly drawn at around 1800 deg. fahr., although not all metal 
Oo illoys melting above this te mperature can be used, either fi 
technical or commercial reasons. Thus the metals of the platinu l 
groups are too rare and costly, at least for large-scale applicatior 
although used extensively for high-temperature chemical worl 
and pyrometry. Metals like tungsten, tantalum, and molybdenun 


are chemically unstable when exposed to air, but can be used as in 


gas-filled electric lamps at extremely high temperature undet 
proper conditions 

The most common metals available for high-temperature co1 
mercial work in air or active gases are iron, melting at 1520 di 
cent.; chromi im, atel550 deg : cobalt, at 1590 de vr .; nickel, at 1450 
deg.; silicon, at 1420 deg.; manganese, at 1225 deg.; and copper 


1084 deg. These are the 
alloys, which, however, may contain other metals, such as tungstet 


chief constituents of high-temperature 


in small quantity 


high-temperature allovs consist of two o1 ree com- 


In general, 


ponents unit d in what metallurgists call a “solid solutior 

High-te mperature alloys may be subjected to the actior s 
temperature alone or in combination with chemical actions 
of which the most important are those of a corrosive nature 
and mechanical stresses, and alloys good for one purpose may 
not be suitable for another. For temperatures below 700 deg 
cent., particularly where chemical attack is to be feared (except 


in the case of nitric acid mixtures form an impor- 
tant class. 


00 


, copper-nickel 
Of this the best known is monel metal, an alloy of about 


per cent copper and 70 per cent nickel. Its melting 


said to be 2480 deg. fahr. Monel metal may be used in the | 

of castings, rolled sheets, and drawn wire. Its strength approaches 
that of mild steel in corresponding products At temperatur 

above 700 deg. cent. it is apt to oxidize. Cast monel metal usually 
has a high silicon and low manganese content, as this help the 
fluidity of the metal; rolled or drawn monel is low in silicon and 


high . 
An alloy consisting of 40 per cent nickel and 60 per cent copper, 
known as “‘Advance wire,” 


Ih nanganese 


is of considerable value in te! perature- 
measurement work as it has a zero temperature coefficient ove} 
a range of 300 deg. 


pome 


f the valuable high-temperature alloys are characterized 
by the presence of chromium in considerable degree. The earliest 
those developed commercially were the nickel-chrome alloys 
which have found extensive application resistance 
wire and heating elements for electric stoves and the like. The 
most used combination is 80 per cent nickel and 20 per cent chrom- 
ium. This alloy is noteworthy chiefly for its ability to withstand 
oxidation at high temperatures. Alloys with practically any pro- 
portion of chromium can be formed by casting, but where the metal 
has to be worked the percentage of chromium should not exceed 
20 per cent. The matter of carbon content has to be watched in 
this alloy with extreme care. The nickel-chromium wire patents 
are understood to have expired in February of the current vear. 

Alloys of nickel, iron, and chromium are used for applications 
where temperatures not exceeding 900 deg. cent. prevail. The 
alloy nichrome (containing 26 per cent iron, 12 per cent chromium, 
the remainder nickel and impurities) is used as rod, strip, or wire 
in electrical resistors. As a cast material it finds increasing appli- 
cations in carbonizing boxes, retorts, lead and cyanide pots, etc. 
These alloys do not carburize at high temperatures, crack, warp, 
or scale, and except under high sulphur conditions in the fuel used, 
give very satisfactory service. One of their remarkable properties 


ol 


as electrical 


ENGINEERING 


is the ability to retain a considerable pr 
strength at LOOO deg 
havior of steel and 

Nichrome exhibits great tensile streng 
At 1000 d material 


aeg. cent 
67.000 lb. strength has 12.000 Ib. strength, an elongation of 


Oport on of their origina 


cent., Which is very different 
similar alloys. 


th at high 
which 
la reduction in 


per cent, ane area ol 


it SSO deg eent na in ultin ste streneth ol 


600 deg. cent. 44,000 Ib. It has been suecessfully used 
combustion-e wine \ ilve 
Other high-temperature alloys deserving co ra 
mercial work are those of the chrome-iron group ese { 
hromium in varying percentages from about 20 up to 59 01 
10 and are remarkable for their high re tance bot to temperatu 
ind to chemical stresse The physical properti ‘ 
Iron lovs (whic of course, differ b rom ¢ t1 th 
t 4) contain no nickel) are esse1 lv d ( 
I 1 content i s W ( () ) 
machining practically as freely cold 
content between 0.30 to 1.5 the cl y 
lifficult, and finally, when the 1.5 per cent car! 
iched a material is ¢ uned whicl st ( 
be machined by ordinary mea 
In the discussion which f wed, the qu ‘ I 
whether these high-temperature alloys would withstand 
ination of temper ires up to 1200 d i it! ! 
is are encountered, for example, in oil-cracking stills (Burt 
Rittman Dp! SSCS In this connection t uy ! 
it in Ira Ce al lloy I is b hn aeve ped ) 
ompositior cast hrome but Ww the ad ( 21 
ent tungste d that tubes « t of this! ] 
1 the Claud lola process wert i 
gh pressures used simult 
David A. Decrow Dies 
[ Avipa DECROW, manager of the wate 
of the Worthingt Pump & Machinery Corpor » 
York City, died on | wary 15, 1923. Mr. Dect " 
Bangor, Me., in 1S5S8, where he rece d his rly edu | 


Arts, W ( IS79. 

In the early eighties he became associated w the Ho M 
facturing Co., Lockport, N. Y. His promotions wit! 
pany were 1 | 1803 he was made designing enginet 
chief engineer, and in 1903 secretary of the firn 

Some years ago the Holly Manufacturing Co. wa ibi 
vith the Snow Steam Works at Buffalo, N. Y., as] fF 


and 


ot the pumping mac hinerv manuf 


national Stean mp ©Co., 


both companies. In April, 1916, the International Steam | 
(‘o. was succeeded by the W orthington Pur pe \I Ine! \ 
poration. Soon after this Mr. Decrow was called to the N \ 


office become manager of the it 


position he held until his death. 
Mr. Decrow was active a 
of the A.S.M.E. Committee 
Displacement Pumps. He was a 
and organizations in Buffalo. 


a member and recently as chal 


Code for 


a numb r ol 


on the Test Reciy 


member of 


Engineering Division, National Research Council, 
Elects Officers 


| R. F. B. JEWETT, vice-president of the Western | 
Company, New York N. Y., has been elected chairman 0 

Engineering Division of the National Research Council, to su 
Alfred D. Flinn, who resigned that office last year to becom: 
rector of Engineering Foundation. 

k. B. Craft, chief engineer of the Western Electric Compan) 
elected vice-chairman of the Division, and M. Holland, for 
of the U. 8. Air Service, McCook Field, Dayton, Ohio, appoint 
director. G. H. Clevenger was reélected a vice-chairman and W. 
Spraragen secretary. 
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Philadelphia Holds Successful Machine Meeting 
Technical, Historical, and Economic Phases of Machine Tools and Machine Shop Practice Discussed 

Before Large Gatherings. Dean Dexter S. Kimball. President John Lyle Harrington 
of A.S.M.E., and E. F. DuBrul among the Speakers 


‘4 RCHNICAL, historical nd economic phases of the machine milling eutt ist rid ever ' ’ , } 
l l 1 
tool industrv and machin hop practice were presented the eut nil { f 
, 3 , ia. Ss 


and discussed at the Conference on Machine Tor whicl R. Po ibmitted vritte! 





s held in Philadelphia on February 27 under the auspices of thi mili ! ter at © pointed out t 
Pinect! Clut ) P| delp nd the P} ladelphia SPecrtiol ( ru | Ising ! l , ildl be , ris . 
e American Society of Mechanical engineers and the Americar the cutt { aT ng a right-l ] eniy al 4 Bie. 
titute of Electrical engineers, and with the coéperation of the half a left ls) He agreed wit ithors that a It 
\Iachine Shop Practice Division of The American Society of Mecha rake 
| Engineer Carl G ’ ' 
() . ed ‘1 ded ‘ iT nd dinner it I { 
1] ( ng d 1 n, and increased fellowship among — desire , 
engine ! hop ] tice h resulted fi t CXPol / e 
ng r ( hh thre Phil lelp} ne 
| \ I} 
1 ¢) ; vs Sante 


| 1) ( 
( a. B \\ l 
& ( 
_ LS | , 
‘ Hf. | 
lene ( | lelp \I | 
O. Hoa | of Worcester. M 1 t t 
\] S 1) LSM M ! 


, \l ( r ) 4 
I Ss. ( { 
,oh | 
| | | |? ( 
, ( ( 
| 
H 
| N | | vr 
ys \ 
| iz \] ' l 
\i |) | | 
\l | } }? BB \] T 
| laclely ~ tiot {4 {1 ] ; { { 1) l ! rom 0.006 in. 1 OOO 
itl DED Pe { i) ( Lilt i i i 
( {y : i ste 7 
I a na ( ! Do! T T 
Discussion AT AFTERNOON SESSION f teeth in that cutter and the limiting factors for numbers of teeth 
owing the presentation ol the paper on kefiect of Var wert 
ed 1 , rw fF tha machin nd holding d ene 
on ol Milling ¢ utters on Powel Requirements and Capacit' ‘ R mit \ I i ing devil 
' ’ } > Depth or width of cut and the ability of the 1 hine to 
essor Hall and Mr. Graves, written discussion by Fred . ind {Ou 
"9 \ , leliver power to tl utter 
, rsOnSs" Was presented. Mr. Parsons took exception to the ae r pow e cuttel 
3 Structural strength of the cutter 


the terms ‘feed per tooth” or “maximum chip thickness : 
es for the comparison of cutting tools. He favored “average In diss ISsIng Mr Benzon’s pape ron the Design of Large Mak The 
P l 9 : ools 1 is he er OInLler ) AS hree Yr) rtay ] tere 

ess Ol chip as a satisiactory basis as it eliminated differences ay Be r _ ar ites “orn 1 out as thre Important Tactor 
th of cut, diameter of cutter, and type of tool. He agreed in modern large-machine-tool design the importance of the quality 
he conclusions of the authors in regard to the superiority ol and design of gears, the need for centralized control, and a 
( tooth cutters for general purposes. velopment of proper lubrication 
W. A. Knight® stated as his opinion that spiral face milling for 

flat-surface work should be obsolete as the cutting edge of a ‘ Mechanical Engineer, New York City. Mem. A.S.M.E 
Consulting Engineer, Philadelphia, Pa. Mem. A.S.M.E 
ed Prof. Engrg. Mechanics, University of Michigan Mem. A.S.M.E 
\\g irney & Trecker Corp 9 Milwaukee, Wis. Mem. A Ss M.E. 4 hief Engineer, N ition il Iwist Drill & Tool ¢ Dey Detroit, M fn. A C- 

ting-Director Industrial Arts Dept., Ohio State University. Mem. Mem. A.S8.M.E 
A » M BE. “ Me hanic il I ngineer, Phil idelphia, Pa. Assoc Mem AS M E. 
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Engineering and Industrial Standardization 


New Plan for Financing Industrial Standardization 
Is Approved 


A NEW plan for financing the industrial standardization work 
- of the United States, which provides for membership dues on 
the basis of one cent per S1000 ot gross receipts, has been formally 
approved by the 
ing Standards Committee. 


Executive Committee of the American Engineer- 

Twenty of the most influential indus- 
trial executives of the country have acce pted places on an Ad) isory 
Committee which will cooperate with the Ways and Means Com- 
mittee the refinancing of the American [Engineering Standards 
Committee. 

This re port announces a new class Ol mie mbers in the A Es.c 
to be 
special service, including information bulletins on developments 
in standardization work in this country and in every other country 
where industrial standardization is in 


In 


known as “sustaining members,’’ and provides for them a 


progress. 
A.E.S.C. con- 


The newly created Advisory Committee of the 


sists of the following men: 


W.H BARR, President, Nation il Founds rs’ Associ ition, Chic igo, I 

\ W. Berresrorp, General Manager, Cutler-Hammer Company) 
Milwaukee, Wis. 

L. F. Burier, President, Travelers Insurance Com} Hartford, ¢ 

Wa. Burrerworth, President, Deere and Company, Moline, Ill. 

HN J. Carty, Vice-President, American Tele; 1 Tel 

Company, New York, N. Y. 

W. W. CoLeman, President, Bucyrus Compa South Milwaukee, W 

G. B. Cortretyovu, President, Consolidated G Compal New ¥ 
Me Bs 

J. K. CULLEN, President, Niles-Bement-Pond Company, New \ ( 

J. E. EpGerron, President, National Association Ma ré 
New York, N. Y 

Joun R. FREEMAN, Consulting Engineer, Providence, R. I 

E. M. Herr, President, Westinghouse Electric and Manufacturing ¢ 


East 


Pittsburgh, 


Pa. 


CuarRues E. Hopces, President, American Muti 
Company, Boston, Mass. 


ial Liability Insur 


The Wavs ina Mea 
sted ol t 
Wut 


} 
Suaity 


\T 
LO 


ns Committee whi 
he 
rNEY, Associate General 


ind Underwr 
x, Vice-Presi 


financing cons following met 
W 


surety 


sident, ¢ 


Recent Progress of Some Sectional Committees 


Niandard fio? f 


f Shafting. Though this Committee has held no 
meeting since that of December 5 

The 
held monthly 


Y ) *) , 
of Part it 


is been by ho means 


nactive Sub-Committee H 


meetings and is 
report, namely, the Technique 


No. 1, 


} } h } ] } 
man, has drafted and circulated a q 


Sub-Committec of which 


p “ee ’ 
260 dealers an llacturers in an etlort to ascertain whie! ti 


eng | i ie ferred 


eths of shafting are pre 


rece ived anot! er prensa 





The re 
minimum value of the unit 


iata by 
} » +] 


night he dete rmined tor the use of Profe 


produced by the il purpose ol 


which a 


L mit 
the 
ittee is now being taken. The report covers stat 
ind tolerances for fits in 
cture, and is the part of the work assigned to th 


allowances interchangeable mat 


SIpNEY J. 


Company, 


Lies, Vice-President, New York Edison 


a 
oe # 
JouHN B. 


JENNINGS, President, U. S 


Morton, 


New York, N. Y. 


President, National 


Philadelphia, Pa. 


Dr. Cuas. L. 


Company, 


{EESE, Chemical Director 
Wilmington, Del. 


Board ol 


I 


Smelting, 


I 


Refining and Mi 
Company, New York 
Fire derwriters 
du Pont de Nem ( 


tee of whi 


The Su 
(rage = an 
Earle Bu 
section 

Standa 


whit h t} | 


17 


ace d by | 


T. Trundle is chairman. 

b-Committee on Methods of Gaging Manufactured M 
©. Hoagland, and the 
heir Limits, Manufacture and Use, 
ckingham, both hard at 


ch ( eorge 


Sub-Committee 
presided over 


are work on their respect 


is and promise reports in the near future 


} 


dization of Pipe Flanges and Fittings. The all-day 


Sectional Committee held in December produced n 








E. W. Rice, Jr., Honorary Chairman of the Board, General Electr 
Company, Schenectady, New York 

Henry D. SHarpe, Treasurer, Brown and Sharpe Manufactur ( 
pany, Providence, R. I. 

S. W. Srratrron, President, Mass. Institute of Technology, Car i 
Mass. 

Ernest T. Trica, President, John Lucas and Compan Ir Phi 
delphia, Pa. 

The American Engineering Standards Committee, which was 


organized in 1918, has heretofore been financed entirely by dues 
from the nine technical and national trade 
associations which with seven departments of the Federal Govern- 
ment constitute its present membership. Annual deficits have 
been cleared by contributions from individual corporations. 

It is expected that the new plan of financing will provide an annual 
budget of $50,000 for the Standards Committee. As this sum is 
to be realized from sustaining-membership dues amounting to one- 
thousandth of one per cent of gross receipts, the total of $50,000 
would be spread over industries with aggregate gross annual re- 
ceipts of five billion dollars. For firms which for any reason prefer 
to subscribe on the basis of capital rather than gross annual re- 
ceipts, the recommended basis is one and one-half cents per thou- 
sand dollars of aggregate market value of the corporate securities 
of the firm. 

The plan calls for the appointment of an engineer-translator 
who will provide translations of standards developed in foreign 
countries for the information service to sustaining members. The 
new information service will be an elaboration of the work which 
the A.E.S.C. has been carrying on in a small way, in calling to the 
attention of codperating bodies and the technical press the impor- 
tant developments in standardization work, foreign as well as Ameri- 
can. 


societies seventeen 





iluable suggestions which have been made good use of in prepari 
of the four flange standards which 
Sectional approval. Thi 


the revise 1 drafts are now bet 


the members of the Committee for 
standards 


Cast-Iror 


lange and Fittings Standards for 125 lb. M 
Saturated) Steam Working Pressure 
250 |b 
Pressure 
100 |b 


mum 
2 Cast-Iron Flange and Fittings Standards for 
imum (Saturated) Steam Working 
Flange and Fittings Standards for 
eam Working Pressure 
Cold-Water Working Pr 


M 
( ist-Steel \I 


1 St 


mun 

SOO Ib ssure—H ydrostatie 
Shock 

500 lb. Cold-Water Working Pressure 

SOO Ib. Air or Gas Working Pressure 
ing 100 Deg. Fahr. 

ast-Steel Flange and Fittings Standards for 600 Ib. Max- I 
imum Steam Working Pressure 

1200 lb. Cold-Water Working Pressure 
Shock) 

SOO Ib. Cold-Water Working Pressure 

1200 lb. Air or Gas Working Pressure 
ceeding 100 Deg. Fahr. 


= 
Shock ' 


Temp Not Exe ( 


Hydrostatic 


Shock 
Temp. Not X- I 


The Sub-Committee on Screwed Fittings is now at work 
standard dimensions for cast-steel fittings and is preparing a supy)|e 
mentary report on the Malleable Fittings which will assign to/er- 
ances to certain of the dimensions. . 

Standardization of Bolt, Nut, and Rivet Proportions. At its Ve 
cember meeting this Committee elected as chairman, Arthur A. 
Norton, assistant professor of mechanical engineering, Harvard 
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University. It also created an eighth Sub-Committee on Nomen- 
clature which consists of the chairmen of the other seven Sub-Com- 
mittees, the chairman and secretary of the Sectional Committee 
and is headed by George S. Case as chairman. 

Tentative reports ol four of the Sub-Committees are now being 
considered by the members of the entire Sectional Committee and 
ire available for distribution to those who may desire to |] 
them over. These reports cover: 


1 Standards for Large and Small Rivets 


2? Standards for Wrench-Head Bolts and N 
3 Standards for Slotted-Head Products 
t Standards for Carriage Bolt 
The Sub-Com1 n Track B ( ( Vy. 8 
! hairt held a me ng on Ma yand il 
rvev of the lar t gn \ 1 Wa 
efore the Sub-Cor { } u 
the first part ¢ it ] ral 


29 
rual SU ‘ tional Ce mitt held a me r i \ \ 
vhich wel Col dered ¢ ment ‘ eh hag ted f1 
7 | 

reularization of g } olt tetv Code it ! ! 

1 4l 1 
‘ ind the | " ' t hie ‘ t nter | ro nd 
ile No 4 > wh Hh ¢ el ‘ ise ¢ met | ( uy ‘ 
ed ny } Ti \ ‘ T re entati { i i - 
. of tl y iter were present i ~ 
] 4 ] 
ruic W revised to read a ) \ 
] I ? Br J 3 
I wl i ty 1 t i 
wit Six (ft et t V t \ 
led j ‘ ‘ intent f+ de a ‘ 

{ tened wit! t ‘ wit! +} ‘ 

} ' . tute j , 


The Federated 


Labor-Saving Machinery 


ngineering ( held on February 16, 1923 e advisa- 
y of making nsive idy ¢ bor-saving device \ 
ight up tor col sideration Walter S NIoods the Cre neral 
ctrie Company, Pittsfield, Mass., who, in a communicatior 


» + 


resident Cooley, first suggested such an investigatio1 


ire ssed © ] 


means of overcoming the present labor shortage in the United 


States, stated that in his opinion a large amount of labor now per- 
med by hand could be accomplished by power-driven devices 
reby releasing great numbers of men for other and higher-grad 
rk. He advocated a general survey of industry for the purposé 
electing kinds of work now done manually where machinery 
ht be employed, followed by the coéperation of industries and 
table engineering organizations in the development of the neces- 
devices 
he Committee believed the matter to be of very great 


and ai 


in por- 


(merican 


iter dist ussion vote d that it be referred to The 


Society of Mechanical Engineers to ascertain, first, if the A.S.M.1 
siders such an investigation opportune and practical; and 
nd, if that society will undertake the study or, in case it does 
desire to do so, if it advises that the work be undertaken by 

\merican Engineering Council, and in what form 

Reforestation 
» EL FORESTATION, involving such agricultural and industrial 
problems as soil conservation, flood control, and power de- 
pment, is one of the projects now being studied by a special 

F.\.E.S. committee, in cooperation with the Government. The 

Churman of this committee, which was appointed to assist in 

developing a comprehensive constructive plan of reforestation, 


is arles H. McDowell of Chicago; other members are 8. H. Me- 
Urory, chief of the Division of Agricultural Engineering, U. § 
Department of Agriculture. W. H. Hoyt, of Duluth, Minn., and 
J. Ralston, of Spokane, Wash. 


MECHANICAL ENGINEERING 269 


The final revision of the text of this Code are now finished and it 
is before the Sectional Committee for vote Copies thereiore 
will soon be ready for distribution. 

Safety Code for Elevators. Sullivan W. Jones, a representa- 
tive of the A.I.A. on the Sectional Committee and now New York 
State Architect, was elected chairman of this Committe: t the 
meeting it held on February 19, 1923 At this meeting an | 

mm W nted consisting of S. W. Jones, Cl 
man, O. P. Cumming Vice-Chairman, J. A. Dickinson, § 
retary, M. B. MecLauthlin, C. H. Weeks, and K. A. Col in 


lt ( Dp 
| t ( t \ 

( t Sub-( rged 
t e { It w , 
yUrDe , Cod 
pase of ih : 

{ ay oy eet lg” 0 

Lie 
r tu Sub-Co tee No. 2 
of the present A.S.M.E. . 
xisting to revise the present Cod er 
letely new inst t s t 
rul pe! I liv ecu ind t par y 
rule riou F ec, that Q aS 
° . . . . . : 
American Engineering Societies 
Chief Met in announcement roject issued 1 

through Dean M. FE. Cooley, president the Federati st i 

that in t land development | utilization has depended 

largely | e but that consideration must soo! 
given to the probable needs of the United States for crop, pa 

and forest lands ({merica’s supply of timber, whi has 

lecade growing, is rapidly being exhausted. If t 

g to replenish the suppl derabl reag 

vermanently devoted to this purpos He pointed out that t 

isily developed tillable land early all been broug yu 
l is | ri ‘ { ) fective utuizat il 
eloped lands, clearing, draining or irrigating for vastu 
r reserving for timber growth 
[The committee believes it essential that mountainous regio 
such as the Appalachian area be kept timbered in order to minimize 
erosiol The watersheds of rivers must not be divested of timber 


otherwise erosion W 


1 ' 
be rapid and power development retarded 


] 


The committee is supporting legislation for the establishment of a 


1 } -_ } ’ } 


} 4 1 
tional hydraulic laboratory to study flood contro 


Eyesight Conservation Council 


\ CONTINUATION of one phase of the work of the Committee 
“ on the Elimination of Waste in Industry is being conducted 
by the Eye Sight Conservation Council of America, which is direct 
ing a campaign to eliminate economic and pl ysical losses due 
poor eyesight in schools and factories, and to conserve vision 
The Waste Report showed that poor eyesight among workers caus‘ 
heavy annual economic losses. A similar condition exists in schools 

L. W. Wallace, executive secretary of the F.A.E.S. was reélected 
president of the Eye Sight Conservation Council at its annual 
held in New York, February 5, and Guy A 
New York, was reélected general director. 
ted to the governing bodies of the Council are Secretary Davis, of 
the U. 8. Department of Labor, and Prof. F. C. Caldwell of the 
Department of Electrical Engineering, Ohio State University. 
Among those serving on the Board of Directors and the Board of 


meeting, Henry, of 


Others recently appoin- 
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Councilors are Prof. J. W. Roe, New York University, president 
of the Society of Industrial Engineers; Dr. Morton G. Lloyd, chief 
of the Safety Section of the U. 8S. Bureau of Standards and vice- 
president of the American Society of Safety engineers; and G. | 

Sanford, of West Lynn, Mass., 


Society of Safety Ingineers. 


past-president of the American 


The personnel of those assisting in the movement includes also 
representatives of the U.S. Department of Edueation, the U.S. 
Public Health Service, and numerous other engineering and 
educational bodies. 


Passage of Bill for Reclassification of Governmental 
Positions and Salaries 


( NE OF THE closing acts of the sixty-seventh Congress was 

the passage of the Sterling-Lehlbach Bill for the Reclassifi- 
cation of Governmental Positions and Salaries, H. R. 8928. As a 
means of maintaining a high standard of scientific and technical 
service of the Government, this bill has received the active support 
of the F.A.E.S. through its committees on patents and on reclassifi- 
cation and compensation of engineers. A delegation of engineers 
headed by Col. J. H. Finney, a member of the Patents Com- 
mittee, was instrumental in securing its passage before Congress 
adjourned. 

Although the law will not go into effect until July 1, 1924, it un- 
doubtedly has an immediate benefit. High-grade professional men 
already in Government employ, with the definite salary increase 
before them, will feel that they can “stay by the ship,” and others 
of similar type will be drawn into Government service, filling many 
Until the law goes into 
effect the present basic rates of pay, plus the $240 bonus that has 
been paid for the last six years, will continue. 


vacancies which low salaries have caused. 


The bill as finally passed by the House carries revisions made 
by the Senate. In the Patent Office, for instance, primary ex- 
aminers will receive $5040 instead of $4600. The enactment of 
the Lambert Patent Office Bill, early in 1922, prevented the com- 
plete collapse of the Patent Office; the salaries under the Sterling- 
Lehlbach law will attract for new appointments a high grade of 
men. In the course of time the whole examining corps will be raised 
in quality. The law will equally benefit all other professional and 
scientific branches of the Government. 

Engineering organizations have done much to secure the passage 
of these two important bills. Engineers may be justly proud of 
their part in completing the task set before them. Such success 
should make them realize that they do have a strong national 
influence and should go a long way toward bringing about whatever 
seems to them just and wise. 


Reorganization of Government Departments 


HE OUTLINE of the plan for the reorganization of the execu- 
tive departments of the U. 8S. Government as recommended 
by the President and the Cabinet at the request of the Joint Com- 
mittee on Reorganization was recently placed in the hands of that 
committee for consideration. The outstanding recommendations 
are as follows: 
I The codrdination of the Military and Naval Establishments under 
a single Cabinet officer, as the Department of National Defense. 
II The transfer of all non-military functions from the War and Navy 
Departments to civilian departments—chiefly Interior and Commerce. 
III The elimination of all nonfiscal functions from the Treasury De- 
partment. 
IV The establishment of one new department—the Department of 
Education and Welfare. 
V_ The change of the name of the Post Office Department to Depart- 
ment of Communications. 
VI The attachment to the several departments of all independent es- 
tablishments except those which perform quasi-judicial functions or act 
as service agencies for all departments. 


The suggested changes of particular interest to engineers are 
found in the Department of the Interior and Commerce. The 
Interior Department is given two major functions: the adminis- 
tration of the public domain and the construction and maintenance 
of public works. The subdivisions of the department are grouped 
accordingly under two assistant secretaries. The Bureau of Mines 
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and the Patent Office are transferred to the De partment of Com- 
merce, and the non military engineering activities of the War De- 
partment, the Supervising Architect’s Office of the Treasury De 
partment, the Bureau of Public Roads of the Department of Agri- 
culture, and the Federal Power Commission, an independent estab- 
lishment, are all transferred to the Department of the Interior 
The three major functions given to the Departme nt of Commeret 
and the cd 
merchant marine 
ition to the 
transfer of the Bureau of Mines and the Patent Office from the 
Department of 


are the promotion ol industry, the promotion ol tract 
velopment, regulation, and protection of the 


each division unde r an assistant secretary. In add 


the Interior, the Departme nt of Commerce ts given 
the Lake Survey, the Inland and Coastwise Waterways Servic 
the supervision of New York Harbor, the Hydrographic Office 
and the Naval Observatory, and the Life Saving Service 

While this plan does not provide for the establishment of a 
National Department of Public Works, which has been advocated 
by engineering organizations, the proposed transfers have in view 
the same object, that of bringing together related activities The 
outline has been studied in detail by the Federation's Committee 
on Government Reorganization as it Relates to engineering Mat 
ters, of which J. Parke Channing, New York, is chairman, and 
was reported upon to the Executive Board, at its meet ng in 4 
cinnati, Mareh 23-24, 1923. 


Discussion on Effect of Pulsations on Flow 


of ( raises 


Continued from page 229 
yp rhaps nearly eliminated, by the use of the proper amount 
throttling observing at the same time that equal spaces were pr 
vided at the manometer connections for varying quantities of flow 
They concluded that it was an extremely doubtful and uncert 
method, if not wholly dangerous, to rely too fully on such exy 


dients for reducing the pulsating error. 

The question raised in regard to the relative effect of the p 
tion on the static pressure was answered, the authors believe 
in the reply to Mr. Packard 

The authors agreed with Mr. Hodgson and Mr. Packard th 
ed th 


the velocity of propagation of the pulsating wave a 
of sound in the flowing fluid plus the velocity of the flowing a 
However, in their opinion, as based on their experiments tl! 
were not willing to concede that the pressure pulsation had a lk 
effect than the velocity pulsation in meter installations where the 


pproac 


pulsations acted on manometers with static connections at rig 
From the ‘‘dead-ene 
flow experiments it would also seem evident that the pressure puls 
tion effect was many times greater than that due to the velocit 
pulsation. 

The statement was made by Mr. Hodgson that the simpl 
way of reducing the pulsation by the use of a capacity combi 
with throttling was not mentioned by the authors. In conclusi 
they had stated that the “muffler” device, a combination of cap 
ity, or volume, with throttling was probably “the most effect 
device for the mechanical elimination of pulsations.” The capa 
or “‘muffler” was always inserted between the disturbing elem: 
and the meter. It would not seem advisable in their opinion 
insert the throttling device in the line below the meter. It wo 
seem better to eliminate the pulsations as far as possible bef 
the meter was reached. 

The authors regretted that Mr. Hodgson’s paper containing 
latest investigations involving the development of a formula 
pulsating flow had not been available for examination and stu 
until after their paper was written. Mr. Hodgson was to be « 
gratulated in being able to reduce the results of his researches 
a working formula which showed the factors involved in tl 
proper relation. They were in full accord with his opinion t 
the only sure way to meter pulsating flow was to reduce the pu 
tions by means of suitable capacity and throttling, and they like- 
wise believed that even the formula proposed, or any similar 
mula, while serving in a general way could not be too rigidly applied 
in practice. Each installation would present its own pecu 
problem. 


angles and even with the inside of the pipe. 
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rite rested 


ubject of ground movement and subsidence, which has received 
( paratively little treatment during recent vears Much 
terest was evidenced in the papers presented and the session was 


(; vas held on the morning of the first day of the convention an 
three ¢ re st were devoted to symposiums on this subject 
lwenty-three papers covered ¢ developments throughout th 
rld during 1922, and six papers dealt with miscellaneous oil 
( rm! t prot 
Based upon replies to tionnaires sent out to a large numl« 
ning ¢ | es during 1922 ! ber ipers on mil 
hods were presente t four 1 ng sessions, one of which 
ed enti oal 
Iwo iron and ste were held At the first the A.S.T.M 
eS for | dry Pig Iron were presented 
dis n led Dr. Richard Moldenke, W g, N. J 
ir. Mold | of the AS.T.M. Com on ( 
| wi { hit by 
\t ri on Norman B. J] gr, Rese Departme 
tinghouse Klee. & Mfg. ( gave an illustrated t nm J 
erature Brittlenes s n Steels. He stated t te 
: Wea re A aad 
. t 1 se ! n and l W. R. B 
‘ ( 1 t { deteriora mal 
pg g process itely conne ad wit! 
, ne conte the iro In general, | 
hie 0.15 per cer "\ icon (under O.SO per ec 
‘ t d e proce est and show practically no di 
ratic High-phosphorus, high-silicon irons are practically 
un to deteriorate d be er tled by galvanizing \ second 
CT tl n, dealing with the influence of temperature 
e, and rate of cooling on physical properties of carbon steel 
the results of an investigation of the heat treatment of carbor 
ls carried out under the auspices of the Committee on this 
ect of the Engineering Division of the National Research 
Council 
here was also a joint session on iron and steel and coal and coke. 
vhich blast-furnace cokes and coke ovens were considered 
Joint sessions were held with the Industrial Relations Committe+ 
Mining Section of the National Safe ty Council, at which hoist- 
ropes and mine-fire prevention were the main subjects con- 
red. An interesting paper on Non-Destructive Testing of 
‘ieel Hoisting Rope by Raymond L. Sanford, physicist of th 
tional Bureau of Standards, was presented and discussed. It 
ned work soon to be undertaken by that bureau to develop 
ossible suitable magnetic methods of testing steel hoisting 
chnical education was discussed at a joint meeting with the 
. 


— 


\ ing and Metallurgical Soc ty of America. 
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Meetings of Other Societies 


AMERICAN INSTITUTE MINING AND 


oNGINEERS 


oO METALLURGI 


The 127th meeting of the American Institute of Mining 
Metallurgical Engineers was held in New York. February 19 
1023 So valuable was each of its sessions to the enginee! 


group oi 
in the particular problem with which it dealt, that 1 
be call 


The opening techni il “( 


4 ] 
ed outstanding 


ion on 


n Monday morning was 0 


’ t} 


ternoon 


f ; { 
\ meeting for the organization o 


Division 


One of the papers 
by kK. P. Mathewson, consulting metallurgist of New York 
incoming president of the Institute, who gave his opinions 
training engine ring students, based upon his contact during 
ty-live years with graduates of engineering schools all over the 
d. 
Mechanical engireers will be chiefly interested in the papers 
ented under the auspices of the Institute of Metals Division. 
’. Walter Rosenhain, head of the metallurgical department of 
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on Petroleum and 


the National Physical ] 


livered the second annual It 


itory at Teddingtor Kngland, de- 
titute of Metals lecture. on the ibiect 


! ? 
") 


Solid Solutions, to a large audience on February 19. The his 
iality of Dr. Ros ill lectures has been appreciated 
n this country whe e heard him during recent 1 , 
chnical and ¢ nal institution It w 
The Nature ( ™ ~ 1 ns was the e | ! | T 
©. Bain, of the G | klectrie Compar Chk ind. O I. 
Dix, Jr., d d method polishing minu 
for met oray | pl din etallurg t 
the Engineering D of the U. S. Air Ser Met 
Field, where he is the Metals Branch. Junius D. Ed 
f f | ) 
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d (3 continuous Indu mirom ther s tela etw n 
the type of controlling action and trafl Dp tv W S- 
cussed by Mr. Blak 
Applications and Limitations of Thermocoup! r Meas 9 
Ten peratur WAS the subject of an address by Ir ng RB ~ 
tesearch Department, Leeds & Northrup Co., Philadelphia. Pa 
He classified temperature measurements under the eads « a 


water, boiler water, economizer, flue gas, 


superheated 


bearings, generator windings. transformer windings, 


The sources of error that may arise in making temperature measure- 


1? 


; 
I t 


ents with the thermocouple were outlined as residing in thermo- 


couple calibration, instrument calibration, 


thermo ouple circuit, 
radiation conduction : 


parasitic e.m.f., temperature 
lag, cold-junction temperature, measured temperature variable, 
Mr 


sidered these classifications and sources of error in detail 


losses. losses. 


and measured temperature not representative. Smith con- 
At the same session J. W. Legg, consulting engineer for We sting- 
t 


house Electric & Mfg Co., Eas Pittsburgh. Pa . presented & paper 








979 
at oe 


on the Expansion of Oscillography by Portable Instrument, de- 
scribing fully the oscillograph in its redesigned form and discussing 
its possibilities. The new instrument has been constructed along 
the same general principles as the early portable oscillograph, but 
has been reduced in bulk about fifty per cent and considerably 
improved. It is complete in one unit and is designed to operate 
from any standard 6-volt storage battery. 

A feature of the meeting which aroused great interest was the 
joint session with Chicago on the evening of February 14, made 
possible by two-way loud-speaking telephone installations. The 
proceedings of the meeting were also broadcast. Speakers on the 
use of public-address systems with telephone lines discussed the 
various applications of this novel combination, stated requirements 
for the lines, showed the circuit arrangements used, and described 
some of the important operating features. The application of 
the public-address-system apparatus and methods to radio broad- 
casting were also briefly discussed. 

Inspection trips to the MeGraw-Hill Company, the Pennsyl- 
vania Exchange of the New York Telephone Company, the Bell 
System Research Laboratories, and the A.T. & T. Broadcasting 
Station were made during the convention. 


AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


Following a business session in New York on January 23, the 


American Society of Heating and Ventilating Engineers held the 
first technical session of its twenty-ninth annual meeting at the 
Bureau of Standards in Washington, January 24. The morning 
was devoted to Bureau of Standards papers on subjects of great 
importance to heating and ventilating engineers, which were based 
on current research in the laboratories of the Bureau; the after- 
noon was given over to an inspection of the laboratories and an ex- 
planation of the methods of investigation. The papers presented 
were Heat Transmission of Building Structures, by M. 8. Van 
Dusen; The Testing of Anemometers, by O. J. Hodge; and Tests 
of Radiator Return Line Valves, by W. F. Stutz. 8. H. Ingberg 
gave a talk on Fire Tests of Structural Materials. 
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On January 25 a research session was held at the Bureau of Stand- 
ards at which F. Paul Anderson spoke on The Research Labora- 
tory, and papers on the physiological reactions of humans to high 
temperatures and high humidities, equal-comfort lines for still- 
air conditions, the capacities of steam-heating risers as affected by 
critical velocities of steam and condensate mixtures, and the Ander- 


son and Armspach dust determinator were presented. The latter 


paper included information on results obtained in a series of tests 
upon the dust determinator, as well as a description of the ppa 
ratus. 

The other sessions of the meeting were held at the Hotel Wa 
ington on January 24 and 26. At the first, M. 8. Cooley t 


Bureau of Yards and Docks, told how the shop at 
U.S. Navy Yard is heated, describing in d 


tem which is provided with fans and heaters in roof 


new gun 
tail The hot blast 


spaces and a 


tributing ducts alongside of columns. C. R. Denmark, engine: 
at the Smithsonian Institution, gave details of the forced hot-wat 


} 
| 


circulation and air-exhaust systems in the Natural History Bu 
ing, of the U. S. National Museum. Nelson 8. Thompson, 

mechanical and electrical engineer, Office of Supervising Archit: 
U.S. Treasury Department, pointed out the simplicity of the he 


ing and ventilating systems installed at the Bureau of Eng 
and Printing. 
Heating and 


the convention, at 


ravil 


Ve ntilating sessions were he ld on the ¢ losing aay 


which a number of interesting papers and 


ports were heard Fr. B Rowley, professor of mechani il engine: 
ing at the University of 
distinet ventilators and described the method ar 
apparatus used in making the tests. Dr. George T. Palmer, of t! 
Michigan Department of Health, outlined pract 
since 1850 and indicated what developments may be expected 


H. L. Dryden discussed 


Minnesota, gave a report of tests of f 


types ot rool 
ventilation 
the near future. wind-tunnel tests of 
ventilators. 

The program included various sight-seeing and insp 
to the manv beautiful institutions which are to be fo 
and around \\ ishington 
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ANALYTIK Macmillan Co., New York, 


1923. 


Grometry. By Clyde E. Love. 
Cloth, 5 X 8 in., 306 pp., $2.25. 

A textbook for beginners, covering the elements of plane and solid 
analytic geometry. The emphasis is placed on geometry rather 
than on analysis to a greater extent than usual, and the course is 
intended to give the student, first, a knowledge of simple funda- 
mental methods, and then to extend, adapt, and generalize these as 
need arises. 


COMPARISON OF BRITISH AND AMERICAN Founpry Practice. By P.G. H. 


Boswell. University Press of Liverpool, Liverpool; Hodder & Stough- 
ton, London, 1922. Paper, 6 X 9 in., 106 pp., illus., diagrams, tables, 
4s. 6d. 


The author of this work was sent to the United States in 1918 
by the British Ministry of Munitions of War, to investigate Ameri- 
can foundry practice, particularly as regards the use of sands for 
steel molding. For this purpose he visited the principal iron, steel, 
and brass foundries, the quarries and other sources of refractories, 
and research laboratories. His report discusses the casting of 
metals, desiderata in molding sands, the molding-sands used in 
America, bonding of molding sands and silica sands for furnace 
hearths. British and American methods are compared. Tables 
give chemical and mechanical analyses and the mineralogical com- 
position of a number of American and European sands. 


CONSTRUCTION AND EXPLOITATION DES GRANDES RESEAUX DE TRANSPORT 
D’EnerGige Evectrique A Tris Haute Tension. Proceedings of 
the International Conference held in Paris November 21-26, 1921. 
L’Union des Syndicate de L’Electricite, Paris, 1922. Cloth, 7  10in., 
1176 pp., illus., diagrams, 100 fr. 


The reports of this conference are now available in a well-printed 
volume of nearly twelve hundred pages containing a review of its 





organization and purpose, a general report of its activities, and 
text of the sixty-eight reports presented before it. These re} 
include summaries of the legislation pertaining to high-te1 
transmission in various countries, descriptions of existing systems 
and projects, papers upon various topics connected with curt 
production and transformation, the construction of high-ter 
lines, and the exploitation, protection, and safeguarding of t: 
mission systems. The conference was attended by delegates f1 
twelve countries. The papers and discussions give a wide sur 

of the present status of high-tension transmission. 


Descriptive Geometry. By Lawrence E. Cutter. First 
Graw-Hill Book Co., London and New York, 1923. C 
244 pp., diagrams, $2.50 

In descriptive geometry there are two general methods of ay 
ing its fundamental principles: one, the method of rotation; 
other, the method of choosing new projection planes. The pri 
book is the first, the author states, prepared on the latter | 
which he considers superior in utility to the first plan, and eq 
good in point of mental discipline. 

In it theory has been reduced to four simple principles, covering 
one page of the text. The use of these is illustrated throug! 
detailed solution of problems from the fields of civil, mechar 
and mining engineering, and of architecture. Original exer 
for solution are given. 


Isaac Pitman & Sons, London and ‘ 


Cloth, 4 6 in 


DieseEL Enaine. By A. Orton. 
York, 1923. (Pitman’s Technical Primers.) 
pp., diagrams, tables, $0.85. 

The aim of this book is to act as an introduction for those intend 
ing to study the subject thoroughly, and also to serve as a broad 
but fairly complete treatment for those who seek just sufficient 
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knowledge to understand and apprehend the principles of working, 
The author has endeavored to treat 
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required 
physics. 


in recent years in various problems of mathematical 





mstruction, and operation. 
the subject in the simplest possible manner, without omitting any- While the endeavor has been made to give an account of tl 
thing of vital importance. A bibliography, confined to British theory of Bessel functions which a pure mathematician vw d 
iblications, is included, regard as fairly ( mpl i the author consequ¢é ntlv has also en- 
deavored to includ ill I rmulas which, although without theoret- 
1cAL Metuops iN Contrro. AND Researcu Lasporatoriges. By J. N | int ’ , a ae 
: ‘ a ical interest, are to be required in practical app 10 
Goldsmith and others. Vol. 1, Second edition. Adam Hilger, London, _ ; on a poe Py \ 
2 Lim th. ¢ 56 py ls 6d Vel l ibuoOgraphy is aed 
| e opt l ho here de ilt with are tho eemployvu o pectr = I I iH = [ RB ] ; \ | 
, spectrop! tometers, refractometers and pol rimeters. The . ; . : \ re ‘ I I 
<2 intended to provide the works cl eS eee ae itis . : wa. | 5 
is intended to provide the wort chemist wit ouch if g ) 
tion of these instruments, an introduction to their use in metal ‘1 
ind analyti hen ur nd an ince ti ource ( } - 
: : t | 1 A ’ ~ + , 1 
mation concerning their use in research and cont 1 . = . 1 192] 
' :' : | t f ' 
The book nfined to these indicati of the usefuln " , 
’ , . . t ay han ft P f irgy 
ese instruments, and does not inelude detailed descriptions of , re Of 
i } | 
desig r the ) techr ( i mnforr itor ry ft S pots ‘ an i a chang i I \ 4 
es are given to other publications “ m | to stud tech 
py f \ ift to the three 
3 AND Pt Gear Wi ( | | st t 
G Wat ~ Gre ics I 2 7 N T} t on the f ttwo? ad 
( N\ ; ( ( 9 ( j ] ! > ' 
1922 160 py Dr. H B.D n the third point by Mr. Brad 
ook weal Vi the ndament lp ni rit | lit ( ( eral d ’ Th a 4 4 . 
tions of t ( heel gearing now in u the measurement 
d-wheel gears, generating and non-generating methods for 
. ( ‘ @ l 
ng gear-wheel teeth mechanically, and the ichines and tools : , 3 
1 ’ ~ ) ( ( bh. { 
t! ethod \n attempt is made to tre both thi < 
| and practical side of the sul t 
; "4 | ; 
( el led Lor tude te ‘ uy POT ng ip] ( ind ~ 1a¢ | 
( ‘ T etl nt Pr 
! | ( it] m the viewpoint — 
, } " ; ] ] 
i (ji ere f 
ner. 
teri l () ti ne nd. r ti 7 | 
MANAGEMI By H I Dr I ¢ exa nd exercisi hich 
i of ' ‘ New ¥ 1922 ~ leas + ’ Wi ; the! ; ot 1iods Tl 
ul Cloth, 6 , 271 $2.75 } 
ryt reo4 rinallv 1 q) , OTS revised lition an- > ° s 4 . . . ‘ ‘ 
ippeared OT! M 1915, I I vo yee . Own ay New Revisions of A.S.M.E. Boiler Code, 1923 
| which corrected the error ol the original ecditi mand e@xX- 
| the account down to the latter date. The present editio1 " 
st ntially a re print he 1918 edition, with a long intro- Part I] 
n in which later tendencies and the present situation are 
ed The following action was taken on this section 
olume is divided into two sections, historical and critical Vot Phat Part I], on Existing Installations, be placed in the 
torical section gives an account of the genesis of scientific Appendix as suggested rules for the old boilers. 
vement, of the leaders in its development and of the trades 
lants that adopted it. The critical section discusses its 
n productivity, on the labor problem and on the worker 
POWER By ¢ F. Hirshfeld and T. C. Ulbricht Second edit 
Wile « S New York; Chapman & Hall Londor 1022 
th, 5 X Sin., 474 pp., illus., diagrams, $3.25. 


preparing this textbook the authors have attempted to collect 
mparatively small book such parts of the field of steam power 


1 
ild be familiar to engineers whose work does not require 
t they be conversant with the more complicated thermodynamic 
es considered in advanced treatises. They have therefor 
( ited mathematical treatment as far as possible, and confined 
lves to giving a correct viewpoint with regard to the use of 
the power plant, to supplying what is required to solve 
1 power-plant problems and to describing the more commot 
apparatus. 
N THE THeory oF Besse, Functions. By G. N. Wat 
ersity Press, Cambridge, 1922. Cloth, 7 xX 11 in., S04 p; 
es, $16. 
author states that this book has been designed with two 
in view. The first is the development of applications of 


ndamental processes of the theory of functions of complex 

les, for which purpose Bessel functions are admirably 
adapted. The second is the compilation of a collection of results 
W would be of value to the increasing number of mathematicians 
al iysicists who encounter Bessel functions in the course of their 
re hes. Such a collection seems to be demanded by the greater 
abstruseness of properties of Bessel functions which have been 
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Heavy Oil Engines, Evolution of The Evolution of 
the Heavy Oil Engine, R. | Mathot ler vol 
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», no. 3502, F 9, 1923, pp. 137-138 Com 
Exigencies of publication make it necessary to put the main body of The Engineering parison of four-stroke explosion mot with Di * 
acre . = . 2 engines operating on ime cy mint out ac 

Index (p. 111-EI of the advertising section) into type considerably in advance of the date vantages of moderate pressures applied to engine 
without use of compressed air for fuel pulverization 


of issue of “‘Mechanical Engineering.” To bring this service more nearly up to date is 
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appearing in journals received up to the third day prior to going to press. Iron Trade Rev.. vol. 72. no. 9, Mar. 1. 1923. 1 
661-663. 4 fig Plant tarted during war and re 
cently remodeled one of most complete in Europe 
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>» S Rr of S dare iade fo olten-metal proce in fu re 
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transport See also Aviation, vol. 14, no. 10, Mar enaien Sagehh tt ta Seated ty Mak Sima Gaateaee eel S95 us O02. Fe 9 10 - 250 : 
5 1923 p 973 2 figs ‘ “4 4 aro i cy orTrging « ca ca K — , on ? o Me ' ~*> » iP 
ae ing, vol. 9, nos. 1 and 2, Jan. and Feb. 1923, pp figs New type of high-vacuum centrifugal extrac 
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rate of descent ection and best-chord determina 
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10) fig I f heat treatment upor - t NDUSTRIAL MANAGEMENT German Report rh , ; : 
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ture 1923, pp. 136-141 Discu m of actual operat ntainine tnlaraintins age” 
f departmer or t 1 on princy | t | . . { tar rd ‘ t ' 
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made from different metals Feb. 24, 1923, pp. 467-468, 3 figs Pwo Pacific ‘  s4018o 3 2 br Encl - 
ile and a Mikado displayed by Am. Locomotive Co a ee Se enees mae 
ae ion Of power plant 
. Superheater. Southern Railway rhree-C ylinder 
Built-up. Advantages of Built-up Die Construc Simple Superheater Locomotive. Engineer, vol. STEEL 
3. Stevens ” 7 2 2 ia 99 092 ) > , . . owe - on . 
sao a R — —0" Ry rf (N. } ’ nage y sep : , 1 35, no. 3504, Feb. 23, 1923, pp. 200 201 3 figs Tensile Tests. Tensile Tests of Material ¢ ch 
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pression, Wilhelm Gensecke. Chem. & Met. Eng., Engineer, vol. 135, no. 3502, Feb. 9, 1923, pp STRESSES 
vol. 28, no. 10, Mar. 7, 1923, pp. 448-456, 15 figs 138-140, 12 figs. Apparatus consists essentially of Repeated, Failure under The Effect of Repetition 
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dustrial plants in Europe, where it has proved a tude of oscillation is varied by motion of body under 115. nos. 2981 and 2082. Feb. 16 and 23. 192 p 
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ceaRniion . MOTOR TRUCKS results of endurance tests; optical and tl al 


A . s ificati 4 k 4 methods of determining fatigue range Paper ad 
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